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 6FLHQWLILF&RPPLWWHHRQ2FHDQLF5HVHDUFK6&251HZDUN86$
&RUUHVSRQGLQJDXWKRU3DWULFLD0LORVODYLFKSPLORV#XVEYH

































































$EVWUDFW
6XVWDLQHGJOREDORFHDQREVHUYDWLRQVDUHQHHGHGWRUHFRJQLVHXQGHUVWDQGDQGPDQDJHFKDQJHV
LQPDULQHELRGLYHUVLW\UHVRXUFHVDQGKDELWDWV7HFKQRORJLFDOO\IHDVLEOH(VVHQWLDO2FHDQ
9DULDEOHV(29VWKDWPHHWWKLVQHHGDQGDUHUHOHYDQWWRERWKWKHVFLHQWLILFDQGEURDGHU
FRPPXQLW\KDYHEHHQSURSRVHGE\WKH*OREDO2FHDQ2EVHUYLQJ6\VWHP*226
,PSOHPHQWLQJDPXOWLGLVFLSOLQDU\DQGUHVSRQVLYHRFHDQREVHUYLQJV\VWHPUHTXLUHVWKH
HQJDJHPHQWRIDOOLQWHUHVWHGPDULQHQDWLRQV%XLOGLQJDV\VWHPWKDWLVWUXO\JOREDOUHTXLUHV
H[SDQGLQJSDUWLFLSDWLRQEH\RQGVFLHQWLVWVIURPZHOOUHVRXUFHGFRXQWULHVWRDIDUEURDGHU
UHSUHVHQWDWLRQRIWKHJOREDOFRPPXQLW\1HZDSSURDFKHVDUHUHTXLUHGWRSURYLGHDSSURSULDWH
WUDLQLQJDQGWKHUHVRXUFHVDQGWHFKQRORJ\WRIROORZWKLVWUDLQLQJDQGHQJDJHPHDQLQJIXOO\LQ
JOREDOREVHUYLQJQHWZRUNV'HYHORSLQJFDSDFLW\DURXQGWKHZRUOGIURPWDNLQJPHDVXUHPHQWV
XVLQJFRPPRQVWDQGDUGVDQGEHVWSUDFWLFHVWRLQWHUSUHWLQJDQGUHSRUWLQJGDWDDQGDQDO\VHV
KDVQHYHUEHHQPRUHXUJHQW&RXQWULHVZLWKWKHUHVRXUFHVQHHGWRLQYHVWLQWKHLURZQ
WHFKQLFDOFDSDFLW\WRFRQWULEXWHWRLPSURYHGPDULQHUHVRXUFHPDQDJHPHQWDQGWRIXOILOOWKHLU
LQWHUQDWLRQDOUHSRUWLQJREOLJDWLRQVZKLOHDVVLVWLQJRWKHUFRXQWULHV,PSRUWDQWRSSRUWXQLWLHV
DUHHPHUJLQJQRZIRUFRXQWULHVWRGHYHORSUHVHDUFKSDUWQHUVKLSV,PSOHPHQWLQJWKHVH
SDUWQHUVKLSVUHTXLUHVQHZIXQGLQJPRGHOVDQGLQLWLDWLYHVDVSUHVHQWIXQGLQJPHFKDQLVPV
UDUHO\VXSSRUWLQWHUQDWLRQDOWHDPVRUVXVWDLQHGREVHUYDWLRQV
.H\ZRUGVFDSDFLW\GHYHORSPHQWHVVHQWLDORFHDQYDULDEOHV(29VJOREDORFHDQREVHUYLQJ
V\VWHPRFHDQREVHUYDWLRQV
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,QWURGXFWLRQ
,QFUHDVHGDQGEHWWHUIRFXVHGVXVWDLQHGRFHDQREVHUYDWLRQVDUHQHHGHGWRVXSSRUWQDWLRQDODQG
LQWHUQDWLRQDOVFLHQWLILFJRYHUQDQFHDQGSROLF\FRPPXQLWLHVWRGHWHUPLQHDQGPRQLWRU
DSSURSULDWHWUDGHRIIVEHWZHHQFRQVHUYDWLRQDQGHFRQRPLFGHYHORSPHQWDQGWRLPSOHPHQW
VXVWDLQDEOHRFHDQDQGFRDVWDOGHYHORSPHQWSUDFWLFHV
%HWZHHQDQGDVHULHVRIUHJLRQDOZRUNVKRSVZHUHFDUULHGRXWJOREDOO\WRUHSRUWRQ
FDSDFLW\GHYHORSPHQWQHHGVLQUHODWLRQWRRFHDQVFLHQFHDQGDVVHVVPHQWVXQGHUWKHDXVSLFHV
RIWKH81*HQHUDO$VVHPEO\6HH$$QQH[9LQ5XZDHWDODQGFRPSLOHGLQ
WKH:RUOG2FHDQ$VVHVVPHQWXQGHUIRXUPDMRUWRSLFVSK\VLFDOVWUXFWXUHRIWKHRFHDQ
ZDWHUVRIWKHRFHDQRFHDQELRWDVDQGZD\VLQZKLFKKXPDQVLQWHUDFWZLWKWKHRFHDQ
817KHUHDUHVSHFLILFQHHGVIRUHDFKRIWKHVHIRXUWRSLFVLQUHODWLRQWRVDPSOLQJ
WHFKQRORJ\DQGLQIUDVWUXFWXUHFDSDFLWLHVEXWDFRPPRQQHHGDFURVVDOORIWKHPLVWRGHYHORS
FDSDFLW\IRUGDWDDQDO\VLVPDSSLQJ PRGHOOLQJDQGLQWHUSUHWDWLRQWKDWFDQEHWUDQVODWHGLQWR
XVHIXODQGDSSURSULDWHPDQDJHPHQWSUDFWLFHV5XZDHWDO810RUHUHFHQWO\
GXULQJWKH-XQH812FHDQ&RQIHUHQFHWRDGGUHVV6'*WKHSDUWQHUVKLSGLDORJXHRQ
³,QFUHDVLQJVFLHQWLILF NQRZOHGJHDQGGHYHORSLQJUHVHDUFKFDSDFLW\DQGWUDQVIHURIPDULQH
WHFKQRORJ\´VWUHVVHGWKHLPSRUWDQFHRIFUHDWLQJRSSRUWXQLWLHVWRLPSURYHGDWDFROOHFWLRQ
WUDQVIHURIWHFKQRORJ\DQGRSHQDFFHVVPDULQHGDWDEDVHVDVZHOODVWKHQHHGIRUVWURQJHU
HQJDJHPHQWEHWZHHQVFLHQWLVWVDQGGHFLVLRQPDNHUVDFURVVGLVFLSOLQHVDQGHQJDJLQJFLYLO
VRFLHW\81
7KH*OREDO2FHDQ6FLHQFH5HSRUW81(6&2SURYLGHVDWRROWRKHOSDGGUHVVZKHUH
DQGKRZRFHDQVFLHQFHFDSDFLW\LVEHLQJXVHGIRUVRFLHWDOEHQHILWDQGWR VXSSRUWPDQDJHPHQW
SROLFLHVDQGGDWDSURGXFWV2FHDQVFLHQFHSURGXFWLYLW\KDVLQFUHDVHGLQWKHODVWWZRGHFDGHV
GXHWRDFRPELQDWLRQRIIDFWRUVLQFOXGLQJDQLQFUHDVHLQPXOWLGLVFLSOLQDU\DQGLQWHUQDWLRQDO
FROODERUDWLRQDQGVLJQLILFDQWIXQGLQJFRPPLWPHQWV IURPJRYHUQPHQWVDQGSULYDWHVRXUFHV$W
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SUHVHQWDSSUR[LPDWHO\RIWKHRFHDQVFLHQFHIDFLOLWLHVJOREDOO\VSHFLDOLVHLQREVHUYDWLRQV
81(6&2KRZHYHURQO\DIHZFRXQWULHVLQYHVWLQREVHUYDWLRQVRYHUODUJHVSDWLDODQG
WHPSRUDOVFDOHVDQGIHZQDWLRQVKDYHWKHKXPDQFDSDFLW\DQGDFFHVVWRWHFKQRORJ\WR
PRQLWRUHYHQWKHLURZQ([FOXVLYH(FRQRPLF=RQHV((=OHWDORQHWKHRIWKHSODQHW
WKDWOLHVRXWVLGHWKHVHDUHDVRIQDWLRQDOJRYHUQDQFH&DSDFLW\LQRFHDQVFLHQFHVERWKKXPDQ
DQGWHFKQLFDOGHSHQGJUHDWO\RQLQFUHDVHGILQDQFLDOVXSSRUW,VHQVHHHWDO0DQ\
PRUHFRXQWULHVQHHGWRHQJDJHLQDFWLYHDQGFROODERUDWLYHRFHDQREVHUYLQJLQRUGHUWR
XQGHUVWDQGKRZUHJLRQDOOLYLQJUHVRXUFHVFKDQJHGXHWRPLJUDWLRQVDQGFKDQJHVLQVSHFLHV
UDQJHV/DVWHWDO:HUQEHUJHWDO.UXPKDQVOHWDOKRZVXFKUHVRXUFHV
DUHDIIHFWHGE\ORFDOKXPDQDFWLYLWLHVDQGJOREDOHQYLURQPHQWDOSUHVVXUHVOLNHFOLPDWHFKDQJH
DQGWKHLULQWHUDFWLRQV/LQJHWDO-RKQVRQHWDO3RORF]DQVND HWDO
+XJKHVHWDODQGKRZXOWLPDWHO\WKHVHFKDQJHVDIIHFWWKHKHDOWKDQGHFRQRP\RI
KXPDQVRFLHWLHV%HOOHWDO*LOOHWDO
)RUH[LVWLQJDQGQHZREVHUYDWLRQVWRFRQWULEXWHHIIHFWLYHO\WRJOREDONQRZOHGJHDQGHQDEOH
LQFUHDVLQJO\VXFFHVVIXOUHVSRQVHVWRDQLQFUHDVLQJQXPEHURIVWUHVVRUVDQGWKHLUFXPXODWLYH
LPSDFWRFHDQREVHUYLQJHIIRUWVQHHGWRIROORZEHVWSUDFWLFHVDQGVXSSRUWWKHRSHQVKDULQJRI
IXQGDPHQWDOREVHUYLQJFDSDFLW\,QFUHDVLQJWKHJOREDOREVHUYDWLRQV\VWHPVLQWKLVPDQQHU
ZLOOLPSURYHVRFLHW\¶VXQGHUVWDQGLQJRIJOREDOWUHQGVDQGSURYLGHDUHOLDEOHDQGFRPSDUDEOH
JOREDOFRQWH[WLQZKLFKWRLQWHUSUHWORFDOREVHUYDWLRQV,PSRUWDQWRSSRUWXQLWLHVDUHHPHUJLQJ
IRUFRXQWULHVWRGHYHORSSDUWQHUVKLSVIRUUHVHDUFKDQGDSSOLFDWLRQVWRIXOO\SDUWLFLSDWHLQDQG
EHQHILWIURPWKHEOXHHFRQRP\'XQQHWDO2(&'*ROGHQHWDODQGWR
GHVLJQDQGFRQWULEXWHWRWKH8QLWHG1DWLRQV'HFDGHRI2FHDQ6FLHQFHIRU6XVWDLQDEOH
'HYHORSPHQWKWWSVHQXQHVFRRUJRFHDQGHFDGH
0DQ\LQWHUJRYHUQPHQWDODQGQRQJRYHUQPHQWDORUJDQLVDWLRQVZRUNLQRFHDQVFLHQFHDQG
REVHUYDWLRQVDQGLQFOXGHFDSDFLW\GHYHORSPHQWDVSDUW RIWKHLUPDQGDWHV6HYHUDOKLJKOHYHO
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SROLF\LQLWLDWLYHVKDYHKLJKOLJKWHGWKHQHHGIRUFRQFHUWHGDFWLRQWRGHYHORSJOREDOFDSDFLW\
IRURFHDQREVHUYDWLRQVHJ$JHQGD812FHDQV*2QHRIWKHRXWSXWVRI'LDORJXH
IURPWKH812FHDQV&RQIHUHQFH,QFUHDVLQJVFLHQWLILFNQRZOHGJHDQGGHYHORSLQJUHVHDUFK
FDSDFLW\DQGWUDQVIHURIPDULQHWHFKQRORJ\ZDVUHFRJQL]LQJWKHQHHGWRUHO\RQVFLHQFHDQG
WHFKQRORJ\WRSURYLGHVROXWLRQVWRVRFLHWDOSUREOHPVDGGUHVVNQRZOHGJHDQGWHFKQRORJLFDO
EDUULHUVDQGFUHDWHRSSRUWXQLWLHVWRLPSURYHGDWDFROOHFWLRQWKDWDUHRSHQDQGSXEOLFO\
DFFHVVLEOH7KHUHLVFXUUHQWO\DODFNRIFROODERUDWLRQEHWZHHQPDULQHUHVHDUFKHUVZRUNLQJLQ
GLIIHUHQWRUHYHQWKHVDPHFRXQWU\UHVXOWLQJLQDIUDFWXUHGDQGLQHIIHFWLYHGHOLYHU\RI
VFLHQWLILFLQIRUPDWLRQWRGHFLVLRQPDNHUVDWDOOOHYHOV,WLVYLWDOWKDWWKHUHVHDUFKFRPPXQLW\
VWDUWVWRZRUNLQVXFKDZD\WKDWZHFDQEXLOGRIIHDFKRWKHU¶VSURJUHVVDQGLQIRUPDWLRQ
EXLOGLQJDFRKHUHQWERG\RILQIRUPDWLRQWKDWZLOOKDYHPD[LPXPLPSDFWRQQDWLRQDODQG
LQWHUQDWLRQDOGHFLVLRQVDQGSROLF\
,QWKLVSDSHUZHSURYLGHDPDSRIFDSDFLW\GHYHORSPHQWRSSRUWXQLWLHVLQVXSSRUWRIRFHDQ
REVHUYDWLRQVDQGLQIRUPDWLRQVHUYLFHV:HGLVFXVVWKHUROHRILQWHUQDWLRQDODQGUHJLRQDO
RUJDQLVDWLRQVLQSURYLGLQJWKHWHFKQLFDOH[SHUWLVHDQGJXLGDQFHRQEHVWSUDFWLFHVWRKHOS
FROOHFWWKHEHVWSRVVLEOHGDWDDQGSURYLGLQJWKHGDWDDQDO\VLVWRROVWRFRQYHUWWKHVHGDWDWR
XVHIXOSURGXFWVIRUVRFLHW\
%XLOGLQJDJOREDOREVHUYLQJV\VWHPWKURXJKHQKDQFLQJFDSDFLW\
,PSOHPHQWLQJDFRPSUHKHQVLYHVXVWDLQHGRFHDQREVHUYLQJV\VWHPVZLOOEHFKDOOHQJLQJDQG
FRVWO\6LJQLILFDQWIXQGVZLOOEHUHTXLUHGQRWRQO\WRVHWXSWKHWHFKQLFDODQGVFLHQWLILF
LQIUDVWUXFWXUHRIWKHV\VWHPLWVHOIEXWDOVRWRVXSSRUWWKHFDSDFLW\GHYHORSPHQWWKDWZLOO
HQDEOHWKHGHYHORSPHQWDQGPDLQWHQDQFHRIWKHHQGWRHQGV\VWHPVIURPGHSOR\PHQWRI
REVHUYLQJV\VWHPVWKURXJKJHQHUDWLRQDQGXVHRIGDWDDQGWKHLUWUDQVIRUPDWLRQLQWR
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LQIRUPDWLRQVHUYLFHVIRUVRFLHWDOEHQHILW,QEXLOGLQJDJOREDOREVHUYLQJV\VWHPZHQHHGERWK
WRLGHQWLI\QHZPRUHFRVWHIIHFWLYHDSSURDFKHVWKDWZLOOUHGXFHWKHUHVRXUFHVUHTXLUHGWRµJR
JOREDO¶DQGLGHQWLI\WKHVXFFHVVIXOWUDLQLQJDQGFDSDFLW\GHYHORSPHQWSURJUDPPHV
$JUHHLQJRQDVHWRIYDULDEOHVWKDWQHHGWREHPHDVXUHGJOREDOO\ ZLOOUHGXFHWKHLPSRVVLEOH
WDVNDQGFRVWRIVXSSRUWLQJWKHIXOOSOHWKRUDRISRVVLEOHYDULDEOHVWKDWFRXOGEHPHDVXUHG
HVSHFLDOO\LQWKHELRORJLFDOGRPDLQ7KH*OREDO2FHDQ2EVHUYLQJ6\VWHP*226W\SLFDOO\
KDVSURYLGHGDGYLFHRQWKHGRPDLQVRISK\VLFVFOLPDWHDQGELRJHRFKHPLVWU\XVLQJ(VVHQWLDO
2FHDQ9DULDEOHV(29VDVWKHFRPPRQIRFXVWRVXSSRUWRFHDQKHDOWKUHDOWLPHVHUYLFHVDQG
FOLPDWH7KHVH(29VZHUHGHILQHGEDVHGRQVSHFLILFVFLHQWLILFDQGVRFLHWDOUHTXLUHPHQWV
GULYHQPRVWO\E\FOLPDWHFKDQJH DQGWKHQHHGIRUZHDWKHUIRUHFDVWV%DXHUHWDO
/RUHQ]RQLDQG%HQZD\%LRORJLFDO(29VZHUHUHFHQWO\LGHQWLILHGEDVHGRQWKHLU
UHOHYDQFHWRDVVHVVFKDQJHVLQPDULQHHFRV\VWHPVDQGKHOSPHHWWKHUHTXLUHPHQWVRIWKH
6XVWDLQDEOH'HYHORSPHQW*RDOV6'*VDQGRWKHUFULWLFDOLQWHUQDWLRQDODJUHHPHQWVDQG
SODWIRUPVWKDWDUHUHODWHGWRFOLPDWHFKDQJHELRGLYHUVLW\DQGHFRV\VWHPVHUYLFHV
0LORVODYLFKHWDO
&RVWHIIHFWLYHDSSURDFKHVQHHGWREHLGHQWLILHGWKDWHQJDJHOHVVZHOOUHVRXUFHGFRXQWULHVLQ
FRQWULEXWLQJWRJOREDOREVHUYLQJ)XNXGD3DUUDQG/RSHV)RUH[DPSOHLWLVQRZ
UHODWLYHO\VWUDLJKWIRUZDUGDQGLQH[SHQVLYHWRREWDLQXQGHUZDWHULPDJHU\IURPPRELOHDQG
VWDWLRQDU\SODWIRUPV0RELOHSODWIRUPVLQFOXGHGLYHUVHLWKHUVFLHQWLILFUHVHDUFKHUVRUFLWL]HQ
VFLHQWLVWV(GJDUDQG6WXDUW6PLWKZKRFDQDOVRSODFHDQGUHWULHYHVWDWLRQDU\
SODWIRUPVVXFKDVEDLWHGUHPRWHXQGHUZDWHUYLGHR/DQJORLVHWDO$SSURDFKHVDUH
EHLQJGHYHORSHGWRSURYLGHDOHYHORIFRQVLVWHQF\LQKRZXQGHUZDWHULPDJHU\LVFRGHGIRU
VXEVHTXHQWGDWDDQDO\VLV$OWKDXVHWDO+RZHYHUFRGLQJDQGDQQRWDWLQJLPDJHU\ZLOO
RIWHQUHTXLUHDOHYHORIWHFKQLFDOVNLOOWKDWLVGLIILFXOWWRPDLQWDLQDVSDUWRIDVXVWDLQHG
REVHUYLQJV\VWHPLQ/'&VDQG6,'6$XWRPDWHGLPDJHDQDO\VLVZRXOGSURYLGHDVROXWLRQWR
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SURYLGHFRQVLVWHQF\DQGTXDOLW\DVVXUDQFHEXWWRDFKLHYHWKLVZLOOUHTXLUHDVLJQLILFDQW
LQYHVWPHQWLQVFLHQWLILFDQGGDWDSURFHVVLQJH[SHUWLVHIURPFRXQWULHVZLWKJUHDWHUUHVRXUFHV
$XWRPDWHGSURFHVVLQJRIJHQHWLFPDWHULDOLVDOUHDG\ZHOOXQGHUZD\EXWGHYHORSPHQWVFDQEH
VRUDSLGWKDWGHGLFDWHGFHQWUHVDUHUHTXLUHGWRSURYLGHWKHHTXLSPHQWDQGUHVRXUFHVWR
XQGHUWDNHWKHPRVWUHFHQWDQGSRZHUIXODQDO\VHV$XWRPDWLRQSURYLGHVRQHDSSURDFKWRPRUH
FRVWHIIHFWLYH GDWDSURFHVVLQJEXWLWLVQRWDXQLTXHVROXWLRQ$OWHUQDWLYHDSSURDFKHVUDQJLQJ
IURPGLVWULEXWHGFORXGEDVHGV\VWHPVWRUHJLRQDOFHQWUHVRIH[FHOOHQFHZLOOEHQHHGHGWKDW
ERWKUHVSHFWLQGLYLGXDOFRXQWU\¶VQHHGVDQGFDSDFLW\DQGPHHWWKHUHTXLUHPHQWVRIWKH
LQGLYLGXDOPRQLWRULQJSURJUDPPH)DVWHUDQGFKHDSHUDFFHVVWRWKHLQWHUQHWZLOOEHDQ
LPSRUWDQWSUHUHTXLVLWHIRUPDQ\/'&VDQG6,'6WRHQJDJHLQJOREDOREVHUYDWLRQV\VWHPV
)RUWKHREVHUYLQJFRPPXQLW\WRPRYHIRUZDUGLQDFRRUGLQDWHGDQGPXOWLGLVFLSOLQDU\ZD\LW
LVLPSRUWDQWWRLGHQWLI\ZKDWWUDLQLQJLVUHTXLUHGDQGKRZLWLVGHOLYHUHGPRVWHIIHFWLYHO\
8QGHUZKDWFLUFXPVWDQFHVFDQRQOLQHSURJUDPPHVVXIILFHZKHUHLVIDFHWRIDFHHQJDJHPHQW
UHTXLUHGDQGZKHQZLOODVHULHVRIHQJDJHPHQWVDQGPHQWRUVKLSEHUHTXLUHGWRFRQVROLGDWHWKH
WUDLQLQJDQGDFKLHYHVXVWDLQHGHQJDJHPHQW6HYHUDOSURJUDPPHVDUHDOUHDG\SURYLGLQJ
WUDLQLQJWKDWLVDSSOLFDEOHWR(29VVHH6XSSOHPHQWDO7DEOH6IRUH[DPSOHVRISURJUDPPHV
SURYLGLQJWUDLQLQJIRUELRORJLFDO(29V7ROHDUQ DERXWFXUUHQWWUDLQLQJEDVHGFDSDFLW\
GHYHORSPHQWLQLWLDWLYHVZHFRQGXFWHGDVXUYH\RIWKHWRSLFVDQGPHWKRGVXVHGDVZHOODV
UHODWLRQVKLSVEHWZHHQWUDLQLQJ (29V DQG 6'*LQGLFDWRUVDQGZKHWKHUWKH\SURYLGHG
VXSSRUWHJILQDQFLDOLQNLQGPHQWRUVKLSLQIUDVWUXFWXUHDQGZKHWKHUWKH\ZHUHDVVRFLDWHG
ZLWKDQDFDGHPLFLQVWLWXWLRQ$VDILUVWVWHSZHWDUJHWHGPDMRUSURJUDPPHVEXWWKH
REMHFWLYHLVWRXVHWKLVDVDSLORWWRFRQGXFWDPXFKEURDGHUDVVHVVPHQWRIWKHFDSDFLW\
GHYHORSPHQWODQGVFDSH7KHVXUYH\LQGLFDWHGWKDWPRVWRUJDQLVDWLRQVIRFXVVHGRQVKRUW
FRXUVHVZHHNVDQGLQSHUVRQUDWKHUWKDQRQOLQHWUDLQLQJ 7DEOH $OWKRXJKWKLVZDVD
OLPLWHGVHWRIRUJDQLVDWLRQVWKHUHVXOWVKLJKOLJKWSRWHQWLDOJDSVLQWRSLFV(29VDQG6'*
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LQGLFDWRUV ZKHUHPRUHHIIRUWVQHHGWREHIRFXVVHG$PRUHH[WHQVLYHVXUYH\FRXOGSURYLGH
YDOXDEOHLQIRUPDWLRQRQZKHUHZHQHHGWRIRFXVDQGZKHUHWRDYRLGGXSOLFDWLRQ&RPELQHG
ZLWKLPSDFWDQDO\VHVVXFKDVWKRVHFRQGXFWHGE\32*2DQG6&25VHH6HFWLRQWKHVH
VXUYH\VFRXOGDOVRKHOSRUJDQLVDWLRQVWRVHOHFWDQG LPSOHPHQWD W\SHRIWUDLQLQJWKDWLV
ODFNLQJ IRUSDUWLFXODUWRSLFV
7KHQHHGIRUFDSDFLW\GHYHORSPHQWLQRFHDQREVHUYDWLRQVDQGVHUYLFHV
:KLOHWKHUHDUHPDQ\FKDOOHQJHVWKDWQHHGWREHDGGUHVVHGEHIRUHFRKHUHQWJOREDOPRQLWRULQJ
FDQEHGHYHORSHGFDSDFLW\GHYHORSPHQWLVDQLVVXHWKDWWUDQVFHQGVVFLHQWLILFVRFLDO
HFRQRPLFFXOWXUDODQGSROLWLFDOERXQGDULHV3URYLGLQJWUDLQLQJWRGHYHORSWKHFDSDFLW\WR
FDUU\RXWDQGLQWHUSUHWREVHUYDWLRQVHVSHFLDOO\LQ/HDVW'HYHORSHG&RXQWULHV/'&VDQG
6PDOO,VODQG'HYHORSLQJ6WDWHV6,'6LVIXQGDPHQWDOWRDFKLHYLQJDJOREDOV\VWHPWKDWDOO
LQWHUHVWHGFRXQWULHVFDQSDUWLFLSDWHLQDQGSURILWIURP&OHDUO\IXQGLQJWRVXSSRUWWKHVH
HIIRUWVQHHGVWREHLGHQWLILHGEXWILUVWWKHVFLHQWLILFFRPPXQLW\QHHGVWRPDNHWKHFDVHDQG
LGHQWLI\WKHVFDOHRIJOREDORFHDQREVHUYDWLRQVQHHGHG&RXQWULHVWKDWVXSSRUWDQRFHDQ
REVHUYLQJV\VWHPZLOOEHDEOHWREHWWHUDGGUHVVVRFLHWDOQHHGVFRQWULEXWHWRLPSURYHG
PDQDJHPHQWRIPDULQHDQGWHUUHVWULDOUHVRXUFHVDQGIXOILOUHSRUWLQJREOLJDWLRQVWR
LQWHUQDWLRQDOFRPPLWPHQWV+XPDQFDSDFLW\DQGWHFKQRORJ\GHYHORSPHQWDQGWUDQVIHUDUHWKH
FRUHRIDQREVHUYLQJV\VWHP2UJDQLVDWLRQVDQGQHWZRUNVLQYROYHGLQFDSDFLW\GHYHORSPHQW
QHHGWRVKDUHWKHLUWHFKQLFDOH[SHUWLVHDQGEHVWSUDFWLFHVWRKHOSFROOHFWWKHEHVWSRVVLEOH
LQIRUPDWLRQDQGVXVWDLQORFDOFDSDFLW\EXWDOVRWRGHYHORSDQGGLVVHPLQDWHGDWDDQDO\VLVWRROV
WRKHOSFRQYHUWWKHVHGDWDWRXVHIXOSURGXFWVDQGVHUYLFHV
&DSDFLW\GHYHORSPHQWZDVLGHQWLILHGDVDPDMRUGULYHUE\DWOHDVWKDOIRIWKHLQWHUQDWLRQDO
FRQYHQWLRQVWKDWUHODWHWRELRORJLFDODQGRUHFRORJLFDODVSHFWVRIWKHRFHDQDUHJOREDOLQVFDOH
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RUJOREDOO\UHOHYDQWDQGFRXOGSRWHQWLDOO\EHQHILWIURPORQJWHUPELRORJLFDOREVHUYDWLRQVLQ
WKHRFHDQWRDFKLHYHWKHLUJRDOV0LORVODYLFKHWDO7KHQHHGIRUFDSDFLW\GHYHORSPHQW
WRVXSSRUWFRXQWULHVHVSHFLDOO\/'&VDQG6,'6WRUHVSRQGWRRUHYHQUHSRUWRQ81
6XVWDLQDEOH'HYHORSPHQW*RDOVWKH&RQYHQWLRQRQ%LRORJLFDO'LYHUVLW\&%'$LFKL
7DUJHWVWKH,QWHUJRYHUQPHQWDO3ODWIRUPRQ%LRGLYHUVLW\DQG(FRV\VWHP6HUYLFHV,3%(6
WKH&RQYHQWLRQRQ,QWHUQDWLRQDO7UDGHLQ(QGDQJHUHG6SHFLHVRI:LOG)DXQDDQG)ORUD
&,7(6DQGPDQ\RWKHUJOREDOLQLWLDWLYHVLVURXWLQHO\UDLVHGDWLQWHUQDWLRQDOPHHWLQJVDQG
QHJRWLDWLRQV
,QGHHGWKH816XVWDLQDEOH'HYHORSPHQW*RDOWDUJHWDLVWR³,QFUHDVHVFLHQWLILF
NQRZOHGJHGHYHORSUHVHDUFKFDSDFLW\DQGWUDQVIHUPDULQHWHFKQRORJ\ WDNLQJLQWRDFFRXQW
WKH,QWHUJRYHUQPHQWDO2FHDQRJUDSKLF&RPPLVVLRQ&ULWHULDDQG*XLGHOLQHVRQWKH7UDQVIHU
RI0DULQH7HFKQRORJ\LQRUGHUWRLPSURYHRFHDQKHDOWKDQGWRHQKDQFHWKHFRQWULEXWLRQRI
PDULQHELRGLYHUVLW\WRWKHGHYHORSPHQWRIGHYHORSLQJFRXQWULHVLQSDUWLFXODUVPDOOLVODQG
GHYHORSLQJ6WDWHVDQGOHDVWGHYHORSHGFRXQWULHV´7KH,2&0HPEHU6WDWHVKDYHDSSURYHGD
&DSDFLW\'HYHORSPHQW6WUDWHJ\ZLWKWKHIROORZLQJYLVLRQVWDWHPHQW³7KURXJK
LQWHUQDWLRQDOFRRSHUDWLRQ,2&DVVLVWVLWV0HPEHU6WDWHVWRFROOHFWLYHO\DFKLHYHWKH,2&¶V
KLJKOHYHOREMHFWLYHV+/2VZLWKSDUWLFXODUDWWHQWLRQWRHQVXULQJWKDWDOO0HPEHU6WDWHV
KDYHWKHFDSDFLW\WRPHHWWKHP´7KHVL[PDMRURXWSXWVH[SHFWHGWREHDFKLHYHGE\
LPSOHPHQWLQJWKLVVWUDWHJ\DUH'HYHORSPHQWRIKXPDQUHVRXUFHV(VWDEOLVKHGRU
LPSURYHGDFFHVVWRSK\VLFDOLQIUDVWUXFWXUH6WUHQJWKHQLQJRIJOREDOUHJLRQDODQGVXE
UHJLRQDOPHFKDQLVPV3URPRWLRQRIGHYHORSPHQWRIRFHDQUHVHDUFKSROLFLHVLQVXSSRUWRI
VXVWDLQDEOHGHYHORSPHQWREMHFWLYHV,QFUHDVHGYLVLELOLW\DQGDZDUHQHVVDQG5HLQIRUFHG
VXVWDLQHGORQJWHUPUHVRXUFHPRELOL]DWLRQVHHZZZLRFFGRUJ7RDFKLHYHHDFKRIWKHVH
DVHULHVRIDFWLYLWLHVDUHSURSRVHGZKLFKUHO\KHDYLO\RQSXEOLFLQIRUPDWLRQFRQWLQXRXV
SURIHVVLRQDOGHYHORSPHQWIDFLOLWDWLQJDFFHVVWRLQIUDVWUXFWXUHLQIRUPDWLRQVKDULQJ
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GHYHORSPHQWRIQDWLRQDOPDULQHPDQDJHPHQWSURFHGXUHVDQGSROLFLHVDQGILQDQFLDOVXSSRUW
IURPPHPEHUVWDWHVDQGRWKHURSSRUWXQLWLHV
,WLVFUXFLDOWRGHYHORSFDSDFLW\RQVXUYH\DQGFROOHFWLRQVWDQGDUGVRURSHUDWLQJSURFHGXUHV
GDWDTXDOLW\DVVXUDQFH4$TXDOLW\FRQWURO4&DQDO\VLVUHSRUWLQJDQGPRGHOLQJ
&XUUHQWO\REVHUYLQJV\VWHPVHJVDWHOOLWHEDVHGUHPRWHVHQVLQJDQGXQGHUZDWHULPDJHU\
FROOHFWGDWDDWDPXFKKLJKHUUDWH WKDQLWFDQEHDQDO\]HG7KLVOLPLWVWKHFUHDWLRQRISRWHQWLDO
SURGXFWVDQGZDVWHVVLJQLILFDQWDQGFRVWO\LQYHVWPHQWV7KHUHLVDPDMRURSSRUWXQLW\WRWDNH
DGYDQWDJHRIDQGH[SDQGWKHVHHVWDEOLVKHGV\VWHPVWKURXJKWHFKQRORJ\WUDQVIHUDQGLQVLWX
REVHUYDWLRQEXWDOVRE\IDFLOLWDWLQJGDWDVKDULQJDQGDQDO\VLVWRROV$PDMRUFKDOOHQJHIDFHG
LQH[SDQGLQJREVHUYLQJV\VWHPVLVWRLPSURYHWKHLUVRFLHWDODQGVFLHQWLILFUHOHYDQFHDQG
EHQHILWV2QHZD\RIDFKLHYLQJWKLVLVWREXLOGWKHQDWLRQDODQGJOREDOFRQVLVWHQF\WKDWZLOO
VXSSRUWDJJUHJDWLQJWKHGDWDDWWKHOHYHOWKDWVXSSRUWVWKHNLQGVRITXHVWLRQVWKDWPDQDJHUV
DQGSROLF\PDNHUVDGGUHVV
([LVWLQJFDSDFLW\GHYHORSPHQWDFWLYLWLHVDWWKHJOREDOVFDOH&DVHVWXGLHV
0DQ\VFLHQWLILFDQGUHVHDUFKSURJUDPPHVLQFOXGHDFDSDFLW\GHYHORSPHQWFRPSRQHQWRUKDYH
DQHGXFDWLRQDUPHLWKHUE\WKHLURZQDOWUXLVWLFLQLWLDWLYHRULPSRVHGDVDIXQGLQJ
UHTXLUHPHQW'HSHQGLQJRQWKHORFDODQGJOREDOUHTXLUHPHQWVVRPHRIWKHVHSURJUDPPHV
FRXOGH[SDQGDQGEHEHWWHUFRRUGLQDWHGZLWKRWKHUVZLWKZKRPWKH\VKDUHFRPPRQJRDOVDQG
EHVWSUDFWLFHV7KLVZRXOGIDFLOLWDWHLQWHJUDWLRQDQGPXOWLGLVFLSOLQDULW\VXSSRUWLQJRFHDQ
REVHUYDWLRQVWKDWZLOOPRVWOLNHO\EULQJEHQHILWWRVRFLHW\([DPSOHRIVRPHNH\SURJUDPPHV
IROORZ
,2&5HJLRQDO6XE&RPPLVVLRQVDQG&RPPLWWHHV,2&$5,%(,2&:(673$&
,2&$)5,&$,2&,1',2%65& 7KH,2&HVWDEOLVKHGLQDVDERG\ZLWKIXQFWLRQDO
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DXWRQRP\ZLWKLQ81(6&2LVWKHRQO\FRPSHWHQWRUJDQLVDWLRQ IRUPDULQHVFLHQFHZLWKLQWKH
81V\VWHP,WZRUNVZLWKLWV0HPEHU6WDWHVWRDFKLHYHKHDOWK\HFRV\VWHPVHIIHFWLYH
HDUO\ZDUQLQJV\VWHPVUHVLOLHQFHWRFOLPDWHFKDQJHDQGYDULDELOLW\DQGHQKDQFHGNQRZOHGJH
RIHPHUJLQJLVVXHV,WVFDSDFLW\GHYHORSPHQWDQGWHFKQRORJ\WUDQVIHUJXLGHOLQHV,2&
81(6&2 DUHZLGHO\UHIHUUHGWRLQLQWHUQDWLRQDOSROLF\VHWWLQJV,2&FRRUGLQDWHVRFHDQ
REVHUYDWLRQDQGPRQLWRULQJWKURXJK *226 ZKLFKDLPVWRGHYHORSDXQLILHGQHWZRUN
SURYLGLQJLQIRUPDWLRQDQGGDWDH[FKDQJHRQWKHSK\VLFDOFKHPLFDODQGELRORJLFDODVSHFWVRI
WKHRFHDQ*RYHUQPHQWVLQGXVWU\VFLHQWLVWVDQGWKHSXEOLFXVHWKLVLQIRUPDWLRQWRDFWRQ
PDULQHLVVXHV,2&DOVRFRRUGLQDWHVDQGIRVWHUVWKHHVWDEOLVKPHQWRIUHJLRQDO
LQWHUJRYHUQPHQWDOFRRUGLQDWLQJWVXQDPLZDUQLQJDQGPLWLJDWLRQV\VWHPVLQWKH3DFLILFDQG
,QGLDQ2FHDQVLQWKH1RUWK(DVW$WODQWLF0HGLWHUUDQHDQDQG&DULEEHDQVHDV
&DSDFLW\GHYHORSPHQWLVGHOLYHUHGUHJLRQDOO\DQGLQSDUWWKURXJK6XE&RPPLVVLRQVDQG
&RPPLWWHHVZKLFKLGHQWLI\WKHFDSDFLW\QHHGVRIWKHLUPHPEHUVDQGJDSVWKDWQHHG
DGGUHVVLQJ7KHUHJLRQDOJURXSVDUHDWGLIIHUHQWVWDJHVRIGHYHORSPHQWZLWKVRPHRQO\
UHFHQWO\UHHQJDJLQJDIWHUDSHULRGRIKLDWXVZKLOHRWKHUVKDYHHIIHFWLYHUHJLRQDOQHWZRUNV
WUDLQLQJDQGHGXFDWLRQRSSRUWXQLWLHVIRUVFLHQWLVWVDQGZRUNZLWKJOREDOPRQLWRULQJV\VWHPV
WREXLOGORFDOFDSDFLW\&DSDFLW\GHYHORSPHQWQHHGVYDU\GHSHQGLQJRQWKHUHJLRQEXWUDQJH
IURPEDVLFLQIUDVWUXFWXUHDQGUHVRXUFHVWRVXSSRUWVFLHQWLVWVZKRKDYHXQGHUWDNHQWUDLQLQJ
RIWHQWKURXJKDFDGHPLFLQVWLWXWLRQVWRPRUHDGYDQFHGSURIHVVLRQDOWUDLQLQJWRVXSSRUWWKH
FRQWLQXHGDGYDQFHPHQWRIDFWLYHUHVHDUFKHUV7KHUHLVDQHHGWRLPSURYHHQJDJHPHQWZLWK
6,'6DQG/'&VERWKZLWKLQWKHVHUHJLRQVDQGIRU,2&PHPEHUVWDWHVZKRIDOORXWVLGHWKHVH
UHJLRQDOJURXSV7KH,2&LVGHYHORSLQJD&OHDULQJ+RXVH0HFKDQLVPWRIDFLOLWDWHWKH
SURYLVLRQRIFDSDFLW\GHYHORSPHQWDQGWKHWUDQVIHURIWHFKQRORJ\
7KH2FHDQ7HDFKHU*OREDO$FDGHP\27*$ LVDQHWZRUNRI5HJLRQDO7UDLQLQJ&HQWUHV
57&VVSUHDGDFURVVWKHJOREHPDNLQJXVHRIDFRPPRQH/HDUQLQJ3ODWIRUPDQG
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YLGHRFRQIHUHQFLQJWRGHOLYHUVKRUWWUDLQLQJFRXUVHVLQRFHDQUHODWHGWRSLFVLQGLIIHUHQW
ODQJXDJHVEHVLGHV(QJOLVKEHLQJWKHPDLQODQJXDJHXVHGIRUWUDLQLQJSXUSRVHVLWFXUUHQWO\
LQFOXGHVFRXUVHVLQ6SDQLVK)UHQFKDQG3RUWXJXHVH,WRIIHUVWUDLQLQJFRXUVHVRQDUDQJHRI
WRSLFVLQFOXGLQJRFHDQPDULQHGDWDDQGLQIRUPDWLRQPDQDJHPHQWDQGELRJHRJUDSKLFDOGDWD
DVZHOODVFRXUVHVWR³WUDLQWKHWUDLQHUV´7KH27*$VXSSRUWV,2&¶VFDSDFLW\GHYHORSPHQW
DFWLYLWLHVLQJHQHUDOLQFOXGLQJWRSLFVVXFKDVPDULQHVSDWLDOSODQQLQJKDUPIXODOJDHEORRPV
7VXQDPL:DUQLQJ6\VWHPFRQWULEXWLQJWRDQGXVLQJGDWDIURPWKH2FHDQ%LRJHRJUDSKLF
,QIRUPDWLRQ6\VWHP2%,6HWF7KHPDLQDXGLHQFHRIWKHVHWUDLQLQJFRXUVHVDUHRFHDQ
SURIHVVLRQDOVZRUNLQJRQ1DWLRQDO2FHDQRJUDSKLF'DWD&HQWUHVPDULQHOLEUDULHVPDULQH
UHVHDUFKLQVWLWXWHVHWF27*$DOVRSDUWQHUVZLWKRWKHURUJDQLVDWLRQVRQVSHFLILFWRSLFVIRU
H[DPSOHRQRFHDQFRORXUUHPRWHVHQVLQJWUDLQLQJ27*$LVDSURMHFWXQGHUWKH,2'(
,QWHUQDWLRQDO2FHDQRJUDSKLF'DWDDQG,QIRUPDWLRQ([FKDQJHRIWKH,QWHUJRYHUQPHQWDO
2FHDQRJUDSKLF&RPPLVVLRQRI,2&KWWSFODVVURRPRFHDQWHDFKHURUJ7DNLQJDGYDQWDJH
RIWKH27*$SODWIRUPWKH2%,6WHDPSURYLGHVWDUJHWHGFRXUVHVVSHFLILFDOO\IRUQRGHGDWD
PDQDJHUVWUDLQHUVGDWDSURYLGHUVVFLHQWLVWVVWXGHQWVDJHQFLHVDQGUHJLRQDORUJDQLVDWLRQVWR
LPSURYHVNLOOVRQGDWDDVVHVVPHQWFRQWUROPDQDJHPHQWXVHDQGSURGXFWGHOLYHU\
7KH3DUWQHUVKLSIRU2EVHUYDWLRQRIWKH*OREDO2FHDQV32*2 UXQVDUDQJHRISURJUDPPHV
DLPHGWRWUDLQ\RXQJVFLHQWLVWVIURPGHYHORSLQJFRXQWULHVLQRFHDQRJUDSKLFREVHUYDWLRQ
PHWKRGVDQGWHFKQLTXHVKWWSZZZRFHDQSDUWQHUVRUJWUDLQLQJHGXFDWLRQ'LIIHUHQWW\SHV
RIWUDLQLQJDUHRUJDQLVHGWRVXLWGLIIHUHQWUHTXLUHPHQWVDQGFDUHHUVWDJHVUDQJLQJIURPVKRUW
FRXUVHVGD\VLQHLWKHUGHYHORSLQJRUGHYHORSHGFRXQWULHVWRVHYHUDOZHHNORQJ9LVLWLQJ
3URIHVVRUVKLSVLQGHYHORSLQJFRXQWULHVJHQHUDOO\LQFOXGLQJDUHVHDUFKSURMHFWFRPSRQHQW
WKURXJKWRRQH WRWKUHHPRQWK9LVLWLQJ)HOORZVKLSVDQGDWHQPRQWK&HQWUHRI([FHOOHQFH
SURJUDPPHDWUHQRZQHGRFHDQRJUDSKLFLQVWLWXWLRQV32*2KDVIRFXVVHGVWURQJO\RQWKH
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SURYLVLRQRIVKLSERDUGWUDLQLQJDQGWKHVHHIIRUWVZHUHFRQVROLGDWHGLQDVWKH³2FHDQ
7UDLQLQJ3DUWQHUVKLS´SURJUDPPHZZZRFHDQWUDLQLQJSDUWQHUVKLSRUJZKLFKFDOOVIRU
LQWHUQDWLRQDORUJDQLVDWLRQVDQGUHVHDUFKLQVWLWXWLRQVWRFROODERUDWHLQWKHSURYLVLRQRIVSDUH
EHUWKVDQG³VSDUHVKLSV´IRUFDSDFLW\EXLOGLQJ6RPHRIWKHVHSURJUDPPHVDUHKHOGLQ
FROODERUDWLRQZLWKRWKHURUJDQLVDWLRQVVXFKDVWKH6FLHQWLILF&RPPLWWHHRQ2FHDQLF5HVHDUFK
6&25DQGWKH1LSSRQ)RXQGDWLRQ
7KH6FLHQWLILF&RPPLWWHHRQ2FHDQLF5HVHDUFK6&25 ,QDGGLWLRQWRWKH32*26&25
9LVLWLQJ)HOORZVKLSV6&25VXSSRUWVYLVLWLQJVFKRODUVUHJLRQDOJUDGXDWHQHWZRUNVRFHDQ
VXPPHUVFKRROVHJWKURXJKLWVLQWHUQDWLRQDOSURMHFWV62/$6,0%(5*(275$&(6DQG
,2&&3DQGUHTXHVWVFOHDUFDSDFLW\EXLOGLQJSODQVIURPLWV:RUNLQJ*URXSVHYHQLIWKHVH
ZRUNLQJJURXSVDUHSULPDULO\DLPHGDWGHYHORSLQJLQQRYDWLYHVFLHQFHKWWSZZZVFRU
LQWRUJ6&25LWVSURMHFWVDQGSDUWQHUVKDYHGRFXPHQWHGDSSURDFKHVIRUXVLQJODUJHVFDOH
LQWHUQDWLRQDOUHVHDUFKSURMHFWV0RUULVRQHWDODQGRSHQVFLHQFHPHHWLQJV8UEDQDQG
%RVFRORIRUFDSDFLW\EXLOGLQJSXUSRVHV6&2532*2DQG,2&,2'(KDYHEHHQ
FRRSHUDWHGDQGVKDUHGWKHLUNQRZOHGJHLQFDSDFLW\EXLOGLQJRYHUWKHSDVW\HDUV
7KH*OREDO(QYLURQPHQW)DFLOLW\*()ZDVUHTXHVWHGLQWRVXSSRUWWKHHVWDEOLVKPHQW
RIWKH&DSDFLW\%XLOGLQJ,QLWLDWLYHIRU7UDQVSDUHQF\&%,77KH&%,7ZDVHVWDEOLVKHG
ZLWKLQWKH81)UDPHZRUN&RQYHQWLRQRQ&OLPDWH&KDQJH81)&&&WRVWUHQJWKHQ
LQVWLWXWLRQDODQGWHFKQLFDOFDSDELOLWLHVRIGHYHORSLQJFRXQWULHVWRPHHWWKHWUDQVSDUHQF\
UHTXLUHPHQWVRIWKH3DULV$JUHHPHQW
7KH*()DOVRVXSSRUWVVXVWDLQDEOHJRYHUQDQFHLQ RIWKHODUJHPDULQHHFRV\VWHPV
/0(VZKLFKLQYROYHPXOWLQDWLRQDOFROODERUDWLRQRQORQJWHUPRFHDQJRYHUQDQFH7KH
/0(SURJUDPPHVXSSRUWHGPDLQO\E\WKH*()WKH81DQGQDWLRQDOHIIRUWVSURYLGHVDQ
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H[DPSOHRIKRZPXFKKXPDQFDSDFLW\DQGWHFKQLFDOLQIUDVWUXFWXUHKDVEHHQGHYHORSHGLQWKH
ODVW\HDUVLQ7KLUG:RUOGFRXQWULHV%DUELHUHDQG+HLOHPDQ+HPSHOHWDO7KH
%HQJXHOD&XUUHQWDQG<HOORZ6HD/0(VLOOXVWUDWHVXFFHVVVWRULHVLQZKLFKFDSDFLW\
GHYHORSPHQWDQGHFRV\VWHPUHVWRUDWLRQKDVEHHQDFKLHYHGWKURXJKUHJLRQDOFRRSHUDWLRQDQG
E\DGRSWLQJDKROLVWLFDSSURDFKWDNLQJLQWRDFFRXQWJRYHUQDQFH/0(UHVRXUFHV
HQYLURQPHQWDOKHDOWKDQGVRFLRHFRQRPLFEHQHILWV&DUOLVOHHWDO7KLVKDVDOVROHGWR
WKHVXFFHVVIXOLPSOHPHQWDWLRQRIHFRV\VWHPEDVHGPDQDJHPHQWSUDFWLFHV0DORQHHWDO
6SHFLILFDOO\IRUWKH%D\RI%HQJXHOD/0(%R%/0(WKHDSSURDFKWRFDSDFLW\
VWUHQJWKHQLQJLQFOXGHGDQLQYHQWRU\RIFXUUHQWFDSDELOLWLHVLGHQWLI\LQJWKHUHTXLUHPHQWVHJ
SURMHFWPDQDJHPHQWPRQLWRULQJDQGHYDOXDWLRQRFHDQJRYHUQDQFHILVKVWRFNDVVHVVPHQW
RSHUDWLRQDORFHDQRJUDSK\HFRV\VWHPPRGHOOLQJDPRQJDIHZRWKHUVDQGXVLQJDPL[RI
FDSDFLW\VWUDWHJLHVVXFKVKRUWFRXUVHVDFDGHPLFFRXUVHVVWXG\YLVLWVDQGWDNLQJDGYDQWDJHRI
HPHUJLQJRSSRUWXQLWLHV+HPSHOHWDO:KLOH*()IXQGLQJLVPRVWO\IRFXVHGRQ
LPSURYLQJVXVWDLQDEOHGHYHORSPHQWDQGGRHVQRWGLUHFWO\IXQGPRQLWRULQJDFWLYLWLHVLW
SURYLGHVVXSSRUWWRLQLWLDWLYHVWKDWPD\OHDGFRXQWULHVWRIXOILOWKHLUUHSRUWLQJREOLJDWLRQVWR
WKH &RQYHQWLRQRQ%LRORJLFDO'LYHUVLW\&%'DQGRWKHUFRQYHQWLRQVZKLFKDFWXDOO\GR
UHTXLUHPRQLWRULQJ7KH/0(SURJUDPPH LVFXUUHQWO\EHLQJDVVHVVHGE\WKH,2&2QHRIWKH
NH\PHVVDJHVLVWKDWPDQDJHPHQWRI/0(VFRXOGEHFRQVLGHUDEO\LPSURYHGE\LPSURYLQJWKH
TXDOLW\RIGDWDDQGLQIRUPDWLRQJHQHUDWHGDQGE\FDUU\LQJRXWDVVHVVPHQWVDWVXE/0(
VFDOHVUHLQIRUFLQJWKHLQLWLDOVWDWHPHQWRIWKHQHHGWRKDYHWUXVWZRUWK\GDWDIURPVXVWDLQHG
RFHDQREVHUYDWLRQVKWWSZZZJHIWZDSRUJZDWHUV\VWHPVODUJHPDULQHHFRV\VWHPV
$QRWKHUUHFHQWUHYLHZRIWKH/0(SURJUDPPH QRWHGWKDWGHVSLWHVXFFHVVHVLQRWKHUDUHDV
WKHUHZDVURRPIRULPSURYHPHQWLQFDSDFLW\GHYHORSPHQWXSWDNHRIVFLHQFHLQWR
JRYHUQPHQWDQGUHJLRQDOFROODERUDWLRQVXJJHVWLQJWKDWJRLQJIRUZDUGWKH/0(SURJUDPPH
ZLOOKDYHDQLQFUHDVLQJO\LPSRUWDQWUROHLQUHJLRQDODQGJOREDOFDSDFLW\GHYHORSPHQWDQG
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UHSRUWLQJ9RXVGHQDQG6FRWW
7KH$UJRSURJUDPPH LVDFROODERUDWLRQRIDUHODWLYHO\VPDOOQXPEHURIFRXQWULHVWKDWKDVSXW
WRJHWKHUDJOREDODUUD\RIIUHHGULIWLQJSURILOLQJIORDWVFXUUHQWO\DURXQGFRQWLQXRXVO\
PHDVXULQJWHPSHUDWXUHVDOLQLW\DQGYHORFLW\RIWKHXSSHUPRIWKHRFHDQZLWKGDWD
PDGHSXEOLFO\DYDLODEOHZLWKLQKRXUVDIWHUFROOHFWLRQ7KHSURJUDPPH KDVWKUHHFDSDFLW\
GHYHORSPHQWDSSURDFKHVDGHYHORSPHQWRIPDWHULDOIRUFODVVURRPXVHERXWUHDFK
ZRUNVKRSVIRFXVHGRQGDWDDFFHVVDQGDQDO\VLVDQGRULQVWUXPHQWRSHUDWLRQDQGGHSOR\PHQW
SURYLGHGRQGHPDQGDQGVXEMHFWWRIXQGLQJDQG FRQOLQHUHVRXUFHV
KWWSZZZDUJRXFVGHGX(GXFDWLRQDOBXVHKWPO7KH$UJRSURJUDPPH SURYLGHVRQHRIWKH
EHWWHUH[DPSOHVRIFRXQWULHVZLWKGLIIHULQJWHFKQRORJ\DQGKXPDQUHVRXUFHFDSDFLW\ ZRUNLQJ
WRJHWKHUWRSURYLGHJOREDOFRYHUDJHIRUDQHVVHQWLDOPRQLWRULQJSURJUDPPH WKDWVXSSRUWVD
ZLGHUDQJHRIVRFLHWDOO\UHOHYDQWSURGXFWVIURPORFDOZHDWKHUIRUHFDVWLQJWRJOREDODQDO\VHV
RIFOLPDWHFKDQJH7KHSURJUDPPH LVFXUUHQWO\EHLQJH[SDQGHGWRLQFUHDVHFRYHUDJHRIWKH
VKDOORZHUPDUJLQVDQGGHHSHUGHSWKVRIWKHRFHDQ
7KH*OREDO2FHDQ$FLGLILFDWLRQ± 2EVHUYLQJ1HWZRUN*2$21 3LHU3HHUSURJUDPPH LV
DQLQWHUQDWLRQDOPHQWRUVKLSSURJUDPPH PDWFKLQJVHQLRUDQGHDUO\FDUHHUUHVHDUFKHUVWR
IDFLOLWDWHH[SHUWLVHH[FKDQJHDQGFDSDFLW\GHYHORSPHQWIRFXVHGRQVSHFLILFXVHUQHHGV
KWWSZZZJRDRQRUJ*2$21B3LHU3HHUSKSZLWKUHVSHFWWRREVHUYLQJRFHDQ
DFLGLILFDWLRQLWVELRORJLFDOHIIHFWVDQGIDFLOLWDWLQJIRUHFDVWV3LHU3HHUHPSOR\VDQDGDSWLYH
DQGVHOIGULYHQDSSURDFKWRFDSDFLW\GHYHORSPHQWLWVJXLGLQJSULQFLSOHVDUHWRHVWDEOLVK
FRPPXQLWLHVRISUDFWLFHIRFXVLQJ RQXVHUQHHGVVSDQQLQJORFDOUHJLRQDOQDWLRQDODQG
LQWHUQDWLRQDOVFDOHVLQRUGHUWRIRVWHULQWHUUHJLRQDODQGJOREDOFROODERUDWLRQ,WRSHUDWHV
WKURXJKH[LVWLQJUHJLRQDOERGLHVOLNHWKH,2&VXEFRPPLVVLRQIRUWKH:HVWHUQ3DFLILF
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:(673$&RUJDQL]LQJD VHULHVRIZRUNVKRSVDQGPHQWRUVKLSVWRHQJDJHEXLOGDQGVXVWDLQ
WKHUHOHYDQWORFDOUHVRXUFHVDQGFDSDFLW\
7KH3ROHWR3ROH0DULQH%LRGLYHUVLW\2EVHUYDWLRQ1HWZRUN0%21 LQWKH$PHULFDVD
SURJUDPPH EXLOWLQSDUWQHUVKLSZLWKWKH*URXSRQ(DUWK2EVHUYDWLRQV%LRGLYHUVLW\
2EVHUYDWLRQ1HWZRUN*(2%21$PHUL*(266*(2%OXH3ODQHWDQGWKH6PLWKVRQLDQ
,QVWLWXWLRQ¶V0DULQH*(2LVZRUNLQJZLWKWKH,2&
V2FHDQ%LRJHRJUDSKLF,QIRUPDWLRQ
6\VWHP2%,6WRLPSOHPHQWEHVWSUDFWLFHVLQFRDVWDORFHDQREVHUYLQJLQFOXGLQJVKDULQJGDWD
XVLQJFRPPRQGDWDVFKHPDHJ'DUZLQ&RUH
(80(76$7 (80(76$7LVUHVSRQVLEOHIRUGHOLYHULQJWKH/HYHODQG/HYHO6HQWLQHO
PDULQHDQGODNHSURGXFWVIRU&RSHUQLFXVDQGDVVXFKDOVRSOD\VDNH\UROHLQSURPRWLQJGDWD
WRXVHUVDQGSURYLGLQJWUDLQLQJRSSRUWXQLWLHV(80(76$7&RSHUQLFXV0DULQHDQG2FHDQ
7UDLQLQJ&0276SURJUDPPHLVIUDPHGDURXQGSDUWLFLSDQWVZRUNLQJRQWKHLUPDQDJHPHQW
TXHVWLRQVSUREOHPEDVHGOHDUQLQJZLWKWRROVIRUGDWDDFFHVVDQGPDQLSXODWLRQSURYLGHGWR
PDNHWKLVHDV\3DUWLFLSDQWVDUHUHTXLUHGWRFUHDWHDQGVKDUHZKDWWKH\FUHDWHFRQVWUXFWLYLVW
OHDUQLQJ7KHSURJUDPPHXVHVVROHO\RSHQDFFHVVGDWDDQGVRIWZDUHDQGLVVHHNLQJWR
LQWHJUDWHZLWKFORXGKRVWHGSURFHVVLQJWRHQDEOHXVHUVLQORZEDQGZLGWKHQYLURQPHQWVWR
RYHUFRPHEDQGZLGWKOLPLWDWLRQV%H\RQGWKHFRXUVHVWKHWUDLQLQJSURJUDPPHDOVRVHHNVWR
GHYHORSUHVRXUFHVWKDWFDQEHXVHGLQWUDLQLQJE\RWKHUVRUIRULQGHSHQGHQWOHDUQLQJ± VXFKDV
LQVWUXFWLRQDOYLGHRVFRGHUHSRVLWRULHVDQG0DVVLYH2SHQ2QOLQH&RXUVHV
7KH*OREDO$OOLDQFHRI&RQWLQXRXV3ODQNWRQ5HFRUGHUV*$&6*$&6ZDVLQLWLDWHGLQ
WREULQJWRJHWKHUWKHUHJLRQDO&35VXUYH\VDQGGHYHORSDQLQWHJUDWHGQHWZRUNWKDW
FRXOGDGGUHVVJOREDOSODQNWRQGLYHUVLW\LVVXHVSDUWLFXODUO\WKHSODQNWRQ(29VWKHQLQ
GLVFXVVLRQDQGGHYHORSPHQW$VLJQLILFDQWHPSKDVLVLQWKHHDUO\\HDUVKDVEHHQRQFDSDFLW\
EXLOGLQJE\LGHQWLI\LQJDQGGRFXPHQWLQJ&35EHVWSUDFWLFHVH[FKDQJHVRISHUVRQQHO
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EHWZHHQODEVDQGWUDLQLQJZRUNVKRSV7UDLQLQJKDVEHHQSURYLGHGRQ&35GHSOR\PHQW
VHUYLFLQJDQGSURFHVVLQJDQGDQDO\VLVRIWKHFROOHFWHGVDPSOHVZLWKWKHJRDORISURYLGLQJWKH
VNLOOVUHTXLUHGWRIXOO\LPSOHPHQWDUHJLRQDOVXUYH\7KLVKDVUHVXOWHGLQWKHLQLWLDWLRQRIQHZ
VXUYH\VDQGDVHWRIPDQXDOVWKDWSURYLGHVWKHEDVLVIRUH[LVWLQJDQGIXWXUHUHJLRQDOVXUYH\V
WREHVWDQGDUGLVHGDQGIXOO\LQWHJUDWHGZLWKH[LVWLQJ*$&6SDUWQHUV32*2DQG6&25KDYH
EHHQNH\LQIXQGLQJVRPHRIWKHVHDFWLYLWLHVEXWLWKDVDOVRUHOLHGRQWKHZLOOLQJQHVVRIWKH
KRVWRUJDQLVDWLRQVWRSURYLGHWKHSK\VLFDODQGKXPDQUHVRXUFHVUHTXLUHG$GULYHURIWKLV
SURFHVVKDVEHHQWKDWWKHRXWFRPHVDUHVHHQDVPXWXDOO\EHQHILFLDO1HZUHJLRQDOVXUYH\VDUH
LQWHJUDWHGZLWK*$&6ZKLFKSURYLGHVJUHDWHUFRQWH[WIRUWKHLUGDWDDQGYDOXDEOH
DFFUHGLWDWLRQWRDVPDOOVFDOHUHJLRQDOVXUYH\DQGWKH*$&6FRPPXQLW\VHHVJDSVLQ
REVHUYLQJILOOHGDQGDQLQFUHDVHGDELOLW\WRGHOLYHUDJOREDOO\FRQVLVWHQWGDWDVHW:KLOH
WUDLQLQJRQGDWDDQDO\VLVLVQRWJLYHQWKHUHLVDODUJHERG\RIOLWHUDWXUHDYDLODEOHZKLFKFDQ
DGGUHVVWKLVVHHIRUH[DPSOH5LFKDUGVRQHWDO
([DPSOHVRIEHVWSUDFWLFHVLQFDSDFLW\GHYHORSPHQWDQGOHVVRQVOHDUQW
3ODQQLQJDFDSDFLW\GHYHORSPHQWSURJUDPPH
:KHQSODQQLQJDFDSDFLW\GHYHORSPHQWSURJUDPPHRUDFWLYLW\LWLVLPSRUWDQWWRILUVWGHILQH
ZKDWWKHREMHFWLYHVDUHDQGZKRPWKHSURJUDPPHRUDFWLYLW\LVWDUJHWLQJ7KHVHPD\KDYH
DOUHDG\EHHQGHILQHGLQDVWUDWHJ\GRFXPHQWRUIXQGLQJSURSRVDO³&DSDFLW\GHYHORSPHQW´RU
³FDSDFLW\EXLOGLQJ´DVXVHGE\VRPHRUJDQLVDWLRQVLVDYHU\EURDGWHUPDQGPD\PHDQ
GLIIHUHQWWKLQJVWRGLIIHUHQWSHRSOHRUJDQLVDWLRQVRUVHFWRUV)RUPDQ\LQWHUQDWLRQDOPDULQH
VFLHQFHRUJDQLVDWLRQVWKLVRIWHQUHIHUVWRWKHSURYLVLRQRIWUDLQLQJWRVFLHQWLILFVWDIIDQG
VWXGHQWVLQGHYHORSLQJFRXQWULHVEXWLWLPSOLHVDORQJWHUPVWUDWHJ\WRHQVXUHWKDWWKHVNLOOV
DQGNQRZOHGJHDFTXLUHGDUHDSSOLHGWRWKHGHYHORSPHQWRIPDULQHVFLHQFHLQWKRVHFRXQWULHV
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+RZHYHUWKHSURYLVLRQRIWUDLQLQJDQGHGXFDWLRQLQGHYHORSHGFRXQWULHVFDQDQGLVDOVR
FRQVLGHUHGFDSDFLW\GHYHORSPHQW7KHWHUPFDQDOVREHDSSOLHGWRWKHSURYLVLRQRIWRROVDQG
WUDLQLQJWRSROLF\PDNHUVWRHQDEOHWKHPWRPDNHXVHRIGDWDSURGXFWVDQGVHUYLFHVHJ
WKRVHGHULYHGIURP(DUWK2EVHUYDWLRQV7KLVLVWKHGHILQLWLRQJHQHUDOO\XVHGE\WKH*URXSRQ
(DUWK2EVHUYDWLRQV*(2*(2%21,IWKHJRDOLVWRDFKLHYHDWUDQVLWLRQWRHQVXUH
HFRV\VWHPEDVHGPDQDJHPHQW0(%0ZLWKLQWKHJRYHUQPHQWGHFLVLRQSURFHVVFDSDFLW\
GHYHORSPHQWZLOOEHIRFXVHGRQVWUHQJWKHQLQJORFDODQGUHJLRQDOFDSDFLWLHVWRVXSSRUWWKLV
WUDQVLWLRQ6KDFNHURII7KHLVHQHWDO
3URJUDPPHVPXVWFRQVLGHUZKHWKHUWKHUHTXLUHGLQIUDVWUXFWXUHLVDOUHDG\LQSODFHRUZKHWKHU
LQYHVWPHQWVLQHTXLSPHQWRURWKHULQIUDVWUXFWXUHDUHUHTXLUHGIRUWKHSURJUDPPHWREH
VXFFHVVIXOLQWKHORQJWHUP$QRWKHULPSRUWDQWDVSHFWRIFDSDFLW\GHYHORSPHQWLVFRQWLQXHG
VFLHQWLILFFROODERUDWLRQZLWKWKHUHFLSLHQWLQVWLWXWLRQFRXQWU\IRUH[DPSOHWKURXJKMRLQW
SURMHFWV3K'FRVXSHUYLVLRQDQGUHVHDUFKYLVLWV,WLVDOVRLPSRUWDQWWRWKLQNDERXWZKDWWKH
WUDLQHHVZLOOGRDIWHUWKH WUDLQLQJ±:LOOWKH\UHWXUQWRUHPDLQLQWKHLUKRPHFRXQWU\RUXVH
WKHLUHQKDQFHG&9WRREWDLQDSRVLWLRQLQDGHYHORSHGFRXQWU\"'RWKH\KDYHDSHUPDQHQW
SRVLWLRQWRUHWXUQWR"$UHWKH\LQDSRVLWLRQWRSDVVRQWKHNQRZOHGJHDFTXLUHGHJ
OHFWXULQJPHQWRULQJVXSHUYLVLQJVWXGHQWV"*LYLQJDOOWKHVHTXHVWLRQVGXHFRQVLGHUDWLRQ
ZKHQGHVLJQLQJWKHFDSDFLW\GHYHORSPHQWSURJUDPPHZLOOJUHDWO\LQFUHDVHWKHFKDQFHVRI
ORQJWHUPVXVWDLQHGVXFFHVV
'LIIHUHQWW\SHVRIWUDLQLQJZLOOEHEHWWHUDGDSWHGWRGLIIHUHQW FDSDFLW\GHYHORSPHQWVWUDWHJLHV
DQGWDUJHWDXGLHQFHV)RUH[DPSOH32*2KDVDYDULHW\RIWUDLQLQJSURJUDPPHVZKLFKFDQ
EHGLYLGHGDVIROORZV3RVWJUDGXDWHOHYHOWUDLQLQJPRVWO\0DVWHU¶VOHYHO
3RVWGRFWRUDORU3K'OHYHOWUDLQLQJDQG5HJLRQDOWUDLQLQJFRXUVHV7KHILUVWFRQVLVWVRID
PRQWKWUDLQLQJSURJUDPPHLQREVHUYDWLRQDORFHDQRJUDSK\PRVWO\DLPHGDWVWXGHQWVZKR
DOUHDG\KDYHD0DVWHU¶VDQGZDQWWRFRQWLQXHRQWRD3K'DIWHUWKHWUDLQLQJXVXDOO\DWD1)
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32*2&HQWUHRI([FHOOHQFH7KHVHFRQGLQYROYHVYLVLWLQJIHOORZVKLSVIRUHDUO\FDUHHU
VFLHQWLVWVWRUHFHLYHRQHWRRQHWUDLQLQJDQGVXSHUYLVLRQRQDVSHFLILFSURMHFWUHODWHGWRRFHDQ
REVHUYDWLRQVXVXDOO\WKURXJK32*26&25IHOORZVKLSVDQG32*21)32*2VKLSERDUG
WUDLQLQJIHOORZVKLSV7KHWKLUGFRQVLVWVRIVKRUWLQWHQVLYHFRXUVHVZHHNVRIWHQFDWHULQJ
IRUDUDQJHRIFDUHHUVWDJHVIURP0DVWHU¶VVWXGHQWVWRSURIHVVRUV
$OWHUQDWLYHO\VRPHSURJUDPPHVDUHYROXQWDU\RQHRQRQHUHODWLRQVKLSVWKDWDUHDVVWURQJRU
ZHDNDVWKHLQGLYLGXDOVFRPPXQLFDWLRQDQGFRQQHFWLRQWKH\SURYLGH*2$21V3LHU3HHU
LVVXFKDQH[DPSOHPRWLYDWHGE\SHUVRQDOLQYHVWPHQWRIWLPH%HQHILWVRIWKLVDSSURDFKDUH
WKHODFNRIEXUHDXFUDF\DQGWKHSHUVRQDOQDWXUHRIWKHH[FKDQJHOLPLWDWLRQVDUHZKHQHLWKHU
SDUW\GRHVQRWVWD\HQJDJHGRURQIRFXVRIQHHGV7KHLPSDFWRI*2$21V3LHU3HHU
DSSURDFKFDQEHHQKDQFHGE\OLQNLQJWRHVWDEOLVKHGUHJLRQDOQHWZRUNVIRUH[DPSOHWKH,2&
5HJLRQDO6XEFRPPLVVLRQIRUWKH:HVWHUQ3DFLILF:(673$&
:LWKUHJDUGVWRWUDLQLQJUHTXLUHPHQWV,2'(RI81(6&2,2&FRQGXFWVUHJXODUWUDLQLQJ
QHHGVVXUYH\VLQRUGHUWRLGHQWLI\WKHQHHGVRILWV0HPEHU6WDWHV7KHVXUYH\VDUHGRQH
RQOLQHDQGVWUXFWXUHGDURXQGH[LVWLQJWUDLQLQJWRSLFVDGGUHVVLQJRFHDQPDULQHGDWDDQG
LQIRUPDWLRQPDQDJHPHQWVXFKDV+DUPIXO$OJDO%ORRPV+$%VDQG0DULQH6SDWLDO
3ODQQLQJ063DQGDOVRDOORZWKHHQWU\RIRWKHUHPHUJLQJWRSLFVWKDWQHHGVSHFLILFWUDLQLQJ
RSHQHQGHGTXHVWLRQ7KHUHVSRQGHQWVDUHDOVRUHTXHVWHGWRLQGLFDWHSUHIHUHGODQJXDJHXVHG
IRUWUDLQLQJ(QJOLVK)UHQFK6SDQLVKRU3RUWXJXHVHZKLFKUHIOHFWWKHFXUUHQWO\SRVVLEOH
ODQJXDJHVXVHGIRUWUDLQLQJWKURXJKWKH27*$QHWZRUNRI57&VDVZHOODVJHRJUDSKLFDO
UHJLRQ7KHUHVXOWVRIWKHVHVXUYH\VLQIRUPWKHGHFLVLRQSURFHVVIRUWKH27*$FRXUVH
FDOHQGDU $OWKRXJKWKHWDUJHWHGDXGLHQFHLVWKH,2&0HPEHU6WDWHVWKHVXUYH\LVRSHQDQG
DQ\RQHFDQFRQWULEXWH+RZHYHURQHFRQWLQXRXVFKDOOHQJHLVWKHUHODWLYHO\ORZUHVSRQVHUDWH
RIWKHVHVXUYH\V$QDGGHGFKDOOHQJHLVWKHODFNRIVLJQLILFDQWGLIIHUHQFHRQWKHWRSLFV
UHTXHVWHG
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.H\FRQVLGHUDWLRQVIRURUJDQLVLQJDWUDLQLQJSURJUDPPH
6RPHRIWKHNH\FRQVLGHUDWLRQVZKHQFUHDWLQJDFDSDFLW\GHYHORSPHQWSURJUDPPH RUWUDLQLQJ
FRXUVHLQFOXGHVHOHFWLQJWKHULJKWLQVWUXFWRUVDQGWKHULJKWWUDLQHHVEHLQJSUHSDUHGIRUVSHFLILF
DVSHFWV RI ZRUNLQJ LQ GHYHORSLQJ FRXQWULHV DQG WKH ILQDQFLDO LVVXHV VHH 7DEOH  IRU D
V\QWKHVLV RI VRPH RI WKHVH FRQVLGHUDWLRQV:LWK UHJDUGV WR FKRRVLQJ WKH ULJKW LQVWUXFWRUV
VXUYH\VE\32*2DQG6&25KDYHVKRZQWKDWWKHSHRSOHLQYROYHGLQSURYLGLQJWKLVW\SHRI
WUDLQLQJ DUH PRWLYDWHG SXUHO\ E\ WKHLU ZLOOLQJQHVV WR VKDUH WKHLU H[SHUWLVH 7KH JUHDWHVW
EHQHILWV GHULYHG IURP WKH SURYLVLRQ RI WUDLQLQJ ZHUH IRXQG WR EH SHUVRQDO VDWLVIDFWLRQ
EURDGHQHG FXOWXUDO KRUL]RQV DQG FRQWLQXHG UHVHDUFK FROODERUDWLRQ EHWZHHQ WKH
VXSHUYLVRULQVWUXFWRU DQG WKH WUDLQHHVKRVW LQVWLWXWLRQ 2WKHU SRWHQWLDO EHQHILWV VXFK DV
IXOILOOLQJWKHUHTXLUHPHQWVRIDQHPSOR\PHQWFRQWUDFWRUJUDQWHQKDQFHPHQWVWRRQH¶V&9RU
WKHSURGXFWLRQRIMRLQWUHVHDUFKSXEOLFDWLRQVGLGQRWILJXUHSURPLQHQWO\LQWKHVHVXUYH\V7KH
VXFFHVV RI WUDLQLQJ SURJUDPPHV WKHUHIRUH UHOLHV WR D ODUJH H[WHQW RQ WKHLU DELOLW\ WR DWWUDFW
LQVWUXFWRUVZKRDUHWUXO\PRWLYDWHGEHOLHYHLQWKHFDSDFLW\GHYHORSPHQWREMHFWLYHVDQGDUH
DEOHWRGHGLFDWHVXIILFLHQWWLPHDQGUHVRXUFHVWRWKHSURJUDPPH2QWKHODWWHUSRLQWLWFDQVWLOO
EHGLIILFXOWIRUH[SHUWVWRGHGLFDWHWLPHDQGUHVRXUFHVWRFDSDFLW\EXLOGLQJZKHQ WKH\DUHQRW
FRPSHQVDWHGIRUWKHLUWLPHDQGRWKHUFRVWVDQGWKHLPSDFWLVRIWHQQRWUHFRJQLVHGLQDIRUPDO
ZD\ E\ WKHLU LQVWLWXWLRQV 7R DGGUHVV WKLV RSSRUWXQLWLHV FDQ EH VRXJKW WR FROODERUDWH RQ
FDSDFLW\ EXLOGLQJ DQG WR LQWHJUDWH FDSDFLW\ EXLOGLQJ HYHQWV LQWR IXQGHG UHVHDUFK SURMHFWV
7KLVLVVRPHWKLQJWKDWIXQGLQJDJHQFLHVDQGUHVHDUFKFHQWHUVVKRXOGFRQVLGHUJLYHSRLQWVWR
LQ WKHLU HYDOXDWLRQV%H\RQG HQWKXVLDVP IRU WKHLU VXEMHFW LQVWUXFWRUVZKR DUH DZDUH RI WKH
GLYHUVH UDQJH RI WUDLQLQJ OHDUQLQJ DQG FXOWXUDO W\SHV FDQ EH RI JUHDW YDOXH WR FDSDFLW\
EXLOGLQJ SURJUDPPHV ,QVWUXFWRUVZKR DUH DZDUH RI WKHVH GLIIHUHQFHV DQG DUH DGDSWLYH DQG
ZLOOLQJ WRXVH LQQRYDWLYH WHFKQLTXHVDQGSODWIRUPVDUH OLNHO\ WREHDEOH WRSURYLGHFDSDFLW\
EXLOGLQJ WKDW LV VXLWDEOH IRU DEURDGHU UDQJHRISDUWLFLSDQW UHTXLUHPHQWV ,Q WKLV UHJDUG WKH
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27*$ H/HDUQLQJ 3ODWIRUP SURYLGHV FRXUVHV WR ³WUDLQ WKH WUDLQHUV´ WR JXDUDQWHH
VWDQGDUGL]DWLRQ XQLILHG LQIRUPDWLRQ DJUHHPHQW RQ EHVW SUDFWLFHV DQG WKDW WKH VFLHQFH DQG
WHFKQRORJLHVDUHDOZD\VXSWRGDWH$GGLWLRQDOO\27*$DOVRSURYLGHVWUDLQLQJWRLWVWUDLQHUV
RQ SHGDJRJ\ DVSHFWV WKDW VKRXOG EH WDNHQ LQWR FRQVLGHUDWLRQZKHQ SURYLGLQJ WUDLQLQJ LQ D
PXOWLFXOWXUDOHQYLURQPHQW
:LWKUHJDUGWRWUDLQHHVDWUDLQHHIURPDGHYHORSLQJFRXQWU\FDQPDNHDVLJQLILFDQWGLIIHUHQFH
WR DGYDQFH WKH VFLHQFH FDSDFLW\ DW KLVKHU KRPH LQVWLWXWLRQ :KLOH WKHUH LV D VLJQLILFDQW
WHFKQRORJLFDO JDS EHWZHHQ GHYHORSHG DQG GHYHORSLQJ FRXQWULHV D WUDLQHG SURIHVVRU RU
UHVHDUFKHU ZLOO EH DEOH WR JXLGH VWXGHQWV EHWWHU WRZDUGV DQVZHULQJ WKH FXUUHQW SUHVVLQJ
TXHVWLRQV DLPLQJ IRU LQWHUQDWLRQDO VWDQGDUGV DQG DSSO\LQJ DQG DGDSWLQJ FRQFHSWV OHDUQHG
LQWRORFDOFLUFXPVWDQFHV(TXDOO\LPSRUWDQWZLOOEHWKHOLQNVHVWDEOLVKHGEHWZHHQWKHWUDLQHH
DQG WKH LQWHUQDWLRQDO SURJUDPPH DQG LWV QHWZRUN RI H[SHUWV ZKLFK DV D QHWZRUN ZLOO
FRQWLQXHQRWRQO\WRLPSURYHWKHUHVHDUFKFDSDFLW\ORFDOO\EXWDOVRWRSURYLGHRSSRUWXQLWLHV
IRU IXUWKHU FROODERUDWLRQ DFFHVV WR IXQGLQJ DQG UHVRXUFHV LQFOXGLQJ WR QRQ RSHQ DFFHVV
VFLHQWLILF OLWHUDWXUH 6WXGHQWV IURP WKH1$1232*2 QHWZRUN XVXDOO\ FROODERUDWH LQ MRLQW
SXEOLFDWLRQV ZKLFK DUH FRQFHLYHG VDPSOHG DQG DQDO\]HG GXULQJ WKH WUDLQLQJ FRXUVHV HJ
%HHUPDQ HW DO   7KHUHIRUH FKRRVLQJ D FDQGLGDWH QRW RQO\ UHTXLUHV DQ HYDOXDWLRQ RI
KLVKHU &9 LW VKRXOG DOVR FRQVLGHU WKH LPSDFW WKDW WKLV WUDLQLQJ ZLOO KDYH DW WKH KRPH
LQVWLWXWLRQDQGFRXQWU\VHHVRPHFULWHULD LQ7DEOH:RUNLQJLQGHYHORSLQJFRXQWULHVZLOO
EULQJ VLJQLILFDQW ORFDO EHQHILWV DV LW ZLOO XVXDOO\ EULQJ VRPH WHFKQLFDO DQG LQIUDVWUXFWXUH
VXSSRUW VXFK DV D EDVLF VDPSOLQJ NLW LGHDV RQ KRZ WR DGDSW WKH H[LVWLQJ LQIUDVWUXFWXUH WR
PD[LPLVH LWV EHQHILWV VWDQGDUG SURFHGXUHV LQLWLDWLQJ FROODERUDWLRQ HJ MRLQW UHVHDUFK DQG
SURSRVDOVDPRQJPDQ\RWKHUV
:LWK UHJDUG WR ILQDQFHV FRVWVDVVRFLDWHG WR WUDLQLQJYDU\ IURPFRXQWU\ WRFRXQWU\DQGDOVR
GHSHQGJUHDWO\RQ WKH WRSLFHJD ILHOGFRXUVHUHTXLULQJVKLS WLPHDQGHTXLSPHQWYHUVXVD
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GDWD DQDO\VLV FRXUVH UHTXLULQJ FRPSXWHUV DQG LQWHUQHW FDSDELOLWLHV )RU H[DPSOH WKH
,2&27*$ WKURXJK LWV GLVWULEXWHG 5HJLRQDO 7UDLQLQJ &HQWUHV KDV EHHQ VLQFH 
VXFFHVVIXOO\ DGGUHVVLQJ PDQ\ RI WKH FKDOOHQJHV GHVFULEHG LQ 7DEOH  QDPHO\ UHJDUGLQJ
ORJLVWLFVDQG ORFDO LQIUDVWUXFWXUHSURYLVLRQRI ORFDO WUDLQHUVZKRFDQXVH ORFDODQGUHJLRQDO
FDVH VWXGLHV DQG VSHDN WKH WUDLQHHV¶ ODQJXDJH DPRQJ RWKHUV 7KH XVH RI D FRPPRQ H
/HDUQLQJ 3ODWIRUP HQVXUHV WKDW WUDLQLQJ UHVRXUFHV DUH VKDUHG ZLWK WKH FRPPXQLW\ ,QYLWHG
H[SHUWVDOVRRFFDVLRQDOO\FRQWULEXWH WRVSHFLILF WUDLQLQJ WRSLFVYLDYLGHRFRQIHUHQFLQJ6LQFH
PRVWWUDLQLQJVWLOOXVHVWKHIDFHWRIDFHPRGHOWKHXVHRI5HJLRQDO7UDLQLQJ&HQWUHVHQDEOHV
WKHUHGXFWLRQRIWUDYHOFRVWVDVZHOODVPLWLJDWHVµMHWODJ¶SUREOHPVVLQFHSDUWLFLSDQWVVKRXOG
EHWUDYHOLQJIURPZLWKLQWKHUHJLRQ7KH27*$RI,2&,2'(KDVDOVRGHYHORSHGD0DQXDO
DQG*XLGHOLQHVIRUFRXUVHRUJDQLVDWLRQWREHXVHGE\DOO27*$5HJLRQDO7UDLQLQJ&HQWUHV
WKDWFRYHUVDOODVSHFWVRIWKHRUJDQLVDWLRQRIDVKRUWWUDLQLQJFRXUVH7KHPDQXDOJXLGHOLQHV
WKDWQHHGWREHFRQVLGHUHGEHIRUHGXULQJDQG DIWHUWKHFRXUVHWDNHVSODFH
(YDOXDWLQJWKHLPSDFWV
,WLV LPSRUWDQWWRJDWKHUIHHGEDFNIURPWKHWUDLQHHVLPPHGLDWHO\DIWHUWKH&'HYHQWRUQHHG
IRUFRQWLQXRXVHYDOXDWLRQLILWLVDFRQWLQXRXV&'HIIRUWERWKIRUUHSRUWLQJSXUSRVHVHJWR
VKRZIXQGHUVDQGRWKHUVWDNHKROGHUVWKDWWKHIXQGVKDYHEHHQVSHQWHIILFLHQWO\DQGWKH
DFWLYLW\KDVEHHQVXFFHVVIXOEXWDOVRWREHDEOHWRFRQWLQXRXVO\LPSURYHDQGDGGUHVVLVVXHV
WKDWPD\KDYHDULVHQ,QVRPHFDVHVWKHIXQGLQJDJHQF\UHTXHVWVDQH[WHUQDOHYDOXDWLRQRI
WKH&'SURMHFWSURJUDPPHV3URYLGLQJDIROORZXSVXSSRUWLQJPHFKDQLVPVXFKDVDQRQOLQH
³+HOSGHVN´WKDWFDQVHUYHDVWRROIRUFRQVXOWDWLRQDQGIXUWKHUFODULILFDWLRQWKDWLVFDVH
DGDSWDEOHDQGILWIRUSXUSRVHDOVRJUHDWO\LPSURYHWKHFKDQFHVIRUDORQJHUWHUPVXFFHVVIXO
SURJUDP
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(DFKFRXUVHSURYLGHVDOHDUQLQJH[SHULHQFHRQZKDWFDQEHLPSURYHG,2'(27*$DQG
(80(76$7IRUH[DPSOHKDYHDVWDQGDUGLVHGRQOLQHVXUYH\DWWKHHQGRIHDFKRIWKHLU
WUDLQLQJFRXUVHV+RZHYHUWKHVHSRVWFRXUVHVXUYH\VGR QRWSURYLGHLQIRUPDWLRQRQWKHORQJ
WHUPLPSDFWRIWKH&'SURJUDPPHDQGZKHWKHUWKHSURJUDPPHLVJRLQJEH\RQGSURYLGLQJ
WUDLQLQJWRWKHHIIHFWLYHXSWDNHHVVHQWLDOWRGHYHORSLQJFDSDFLW\,WLVWKHUHIRUHHTXDOO\
LPSRUWDQWWRNHHSLQWRXFKZLWKWKHWUDLQHHVRUUHFLSLHQWVDQGHYDOXDWHWKHORQJHUWHUP
LPSDFWVRIWKHSURJUDPPH$OXPQLQHWZRUNVFDQEHSDUWLFXODUO\YDOXDEOHLQIROORZLQJWKH
FDUHHUWUDMHFWRU\RIFDSDFLW\EXLOGLQJSDUWLFLSDQWVDQGSURYLGHDZD\WRUHDFKWKHPIRU
RQJRLQJVXUYH\VHJWKH1$1232*2QHWZRUNEXWDOVRIRUWKHPWRFRQWLQXHWREH
FRQQHFWHGDQGDZDUHRISURMHFWVDQGRSSRUWXQLWLHVKWWSVQISRJR
DOXPQLRUJDERXWRSSRUWXQLWLHV:LWKLQWKH&RUDO7ULDQJOH,QLWLDWLYHRQ&RUDO5HHIV
)LVKHULHVDQG)RRG6HFXULW\WKHFRQVROLGDWLRQRIDUHJLRQDOOHDUQLQJQHWZRUNFRQWULEXWHGWR
LPSURYHORFDODQGUHJLRQDONQRZOHGJHHVWDEOLVKFRQQHFWLRQVDQGEULGJHDFURVVFXOWXUHV
KRZHYHUWKHVXVWDLQDELOLW\RIVXFKQHWZRUNGHSHQGVJUHDWO\RQFRRUGLQDWLQJDFWLYLWLHV3LHWUL
HWDO
.HHSLQJWUDFNRIWKHWUDLQHHVWKHUHIRUHSURYLGHVDPHFKDQLVPDJDLQVWZKLFKWKHORQJWHUP
LPSDFWRIWKHFRXUVHFDQEHPHDVXUHG7RHYDOXDWHVXFFHVVLQSURYLGLQJWUDLQLQJWKDWKDV
UHVXOWHGLQVXVWDLQHGFDSDFLW\EXLOGLQJ32*2DQG6&25GHYHORSHGDVHULHVRIRQOLQH
TXHVWLRQQDLUHVDLPHGDWWKHSDVWWUDLQHHVWKH³SURYLGHUV´RIWKHWUDLQLQJLH
VXSHUYLVRUVDQGLQVWUXFWRUVDQGWKHLQVWLWXWLRQVZLWKZKLFKWKHWUDLQHHVZHUHDIILOLDWHG$
JURXSRIDOXPQLZHUHFRQVXOWHGLQWKHGHVLJQRIWKHVXUYH\ZLWKWKHDLPWRH[WUDFWWKHPRVW
XVHIXOLQIRUPDWLRQZKLOHPDNLQJWKHVXUYH\³DWWUDFWLYH´WRWKHUHFLSLHQWVHJHDV\WR
XQGHUVWDQGHDV\WRDQVZHUEULHIPLQWRFRPSOHWHTXDQWLWDWLYHDQGRQOLQHZLWKWKH
SRVVLELOLW\WRVDYHDQGUHWXUQWRLWODWHUUHFRJQLWLRQRIHPDLODGGUHVVDQGWKHRSWLRQWR
DQVZHUDQRQ\PRXVO\
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7KH WUDLQHHV¶VXUYH\FRQVLVWHGRIDQXPEHURIEDFNJURXQGGHPRJUDSKLFTXHVWLRQVIROORZHG
E\VHYHUDOTXHVWLRQVDLPHGDWHYDOXDWLQJWKHLPSDFWVRIWKHWUDLQLQJLPPHGLDWHDQGORQJHU
WHUP LPSDFWV LPSDFWVRQ WKHZLGHU VFLHQWLILF FRPPXQLW\ DW WKHKRPH LQVWLWXWH NQRZOHGJH
WUDQVIHU DQG SURGXFWV UHVXOWLQJ IURP WKH WUDLQLQJ SXEOLFDWLRQV SUHVHQWDWLRQV HWF 7KH
UHVSRQGHQWVZHUH DOVR DVNHGZKHWKHU WKH\ KDG VSHQW VRPH WLPH DEURDG VLQFH UHFHLYLQJ WKH
WUDLQLQJ WRDVVHVVZKHWKHU WKH WUDLQLQJZDVXQLQWHQWLRQDOO\ FRQWULEXWLQJ WR³EUDLQGUDLQ´RI
TXDOLILHG\RXQJVFLHQWLVWVDZD\IURPWKHLUKRPHFRXQWULHV
7KH VXUYH\ ZDV VXFFHVVIXO LQ VKRZLQJ WKH PDLQ SRVLWLYH LPSDFWV RQ WKH WUDLQHHV HJ
SDUWLFLSDWLRQ LQQHZUHVHDUFKSURMHFWV LPSOHPHQWLQJQHZ WHFKQLTXHVXVLQJQHZHTXLSPHQW
DQGRUXVLQJQHZVRIWZDUHPRGHOVWKDWZHUHSUHYLRXVO\XQDYDLODEOHDWWKHKRPHLQVWLWXWHDQG
HQKDQFHG FROODERUDWLRQ ,W DOVR VKRZHG VRPH GLIIHUHQFHV EHWZHHQ WKH GLIIHUHQW W\SHV RI
SURJUDPPH HJ IHOORZVKLS SURJUDPPHV ZHUH PRUH OLNHO\ WR HQKDQFH PRELOLW\ ZLWK D
SRWHQWLDOIRU³EUDLQGUDLQ´7KHUHVSRQVHUDWHZDVMXVWXQGHUGHVSLWHUHJXODUUHPLQGHUV
EHLQJVHQW7KLVUHODWLYHO\ORZUHVSRQVHUDWHLVSUREDEO\OLQNHGWRWKHIDFWWKDWWKHVXUYH\ZDV
GHOLEHUDWHO\VHQWWRWUDLQHHVPRUHWKDQ\HDUVSRVWWUDLQLQJLQRUGHUWRHYDOXDWHWKHPHGLXP
WRORQJWHUPLPSDFWV
)XWXUHSHUVSHFWLYHVZD\IRUZDUGLQFDSDFLW\GHYHORSPHQW
:HQHHG WRSURDFWLYHO\ FRQVLGHU WKHVWDWXVDQG UHTXLUHPHQWVRI WKHJOREDORFHDQREVHUYLQJ
V\VWHPHJ*22632*2*(2%210%21*(2%OXH3ODQHWDQGDOOWKHFRQVWHOODWLRQRI
SDUWQHUVLQWKHQH[WWR\HDUVDQGKRZZHQHHGWRGHYHORSWKHREVHUYLQJFRPPXQLW\DQG
EULQJRSSRUWXQLWLHVWRPHHWWKHZHOOSXEOLFLVHGQHHGIRUFDSDFLW\GHYHORSPHQWWRWKHDWWHQWLRQ
RI JURXSV UHVSRQVLEOH IRU LPSOHPHQWLQJ GLIIHUHQW SROLFLHV DQG FRQYHQWLRQV 8VLQJ DV DQ
H[DPSOH WKH RFHDQ VFLHQFH FDWHJRULHV UHODWHG WRPDULQH HFRV\VWHP IXQFWLRQV DQG SURFHVVHV
DQGRFHDQKHDOWK81(6&2LWLVFOHDUWKDWWRLPSOHPHQWDQGDFKLHYHPRQLWRULQJRI
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ELRORJLFDO (29V WKH REVHUYLQJ V\VWHP QHHGV WR LQVHUW LWVHOI LQWR RQJRLQJ SURJUDPPHV IRU
FDSDFLW\ GHYHORSPHQW WDNH DGYDQWDJH RI SODWIRUPV DOUHDG\ PHDVXULQJ SK\VLFDO DQG
ELRJHRFKHPLFDO YDULDEOHV DQG WKHQ LGHQWLI\ WKH JDSV DQG VWUDWHJLHV WR ILOO WKHP7KHPDLQ
VWUHQJWKRI*22632*2DQG LWV SDUWQHUV LV D UREXVW H[SHUW FRPPXQLW\ZKLFK LV DEOH WR
SURYLGHKLJKOHYHOVFLHQWLILFDQGWHFKQLFDOH[SHUWLVHLQDOPRVWDOORFHDQWRSLFVWRIDFLOLWDWHDQG
VWUHQJWKHQLQJ WKH HVWDEOLVKPHQW RI FROODERUDWLQJ FRPPXQLWLHV RI SUDFWLFH ,Q WKH VDPHZD\
WKDW WKHUH LV D QHHG IRU UREXVW VXVWDLQHG DQG FRRUGLQDWHG REVHUYDWLRQV IRFXVHG RQ VSHFLILF
PHDVXUHPHQWV WR DVVHVV FKDQJHV LQPDULQH HFRV\VWHPV WKHUH LV DOVR WKH QHHG IRU FDSDFLW\
GHYHORSPHQWUHODWHGDFWLYLWLHVWREHFRRUGLQDWHG VRWKDWWKHLULPSDFWLVPD[LPLVHG
7KHILUVWVWHSWRZDUGVLPSURYLQJFDSDFLW\GHYHORSPHQWIRURFHDQREVHUYDWLRQVLVWRLQLWLDWHD
GLDORJXH EHWZHHQ WKH GLIIHUHQW VWDNHKROGHUV WKH ³SURYLGHUV´ RI REVHUYDWLRQV HJ *226
32*2WKH&RPPLWWHHRQ(DUWK2EVHUYDWLRQ6DWHOOLWHVRU&(26DQGDIILOLDWHGSURJUDPPHV
DQG WKH ³XVHUV´ HJ SROLF\ PDNHUV JRYHUQPHQW PDQDJHUV 1*2V LQGXVWU\ DQG VRFLHWDO
VHFWRUV WR HVWDEOLVK SDUWQHUVKLSVZLWK RQJRLQJ FDSDFLW\ GHYHORSPHQW SURJUDPPHV HJ WKH
,2&5HJLRQDOVXEFRPPLVVLRQVDQGWKH27*$WKDWFDQVXSSRUWWKHVWUHQJWKHQLQJRI(29
REVHUYLQJ FDSDFLW\ DQG WR VXSSRUW RSHQ DFFHVV WR PRQLWRULQJ GDWD HJ WKURXJK 2%,6 IRU
ELRORJLFDOLQIRUPDWLRQ7KLVZLOODOORZWKHFUHDWLRQRIDVKDUHGXQGHUVWDQGLQJRIWKHQHHGWR
VXSSRUW RFHDQ FDSDFLW\ GHYHORSPHQW DFWLYLWLHV 6XFK D SDUWQHUVKLS RI RUJDQLVDWLRQV ZLWK
FRPPRQ JRDOV ZLOO LQFUHDVH WKH FKDQFHV RI IXQGLQJ DQG D PRUH HIILFLHQW DOORFDWLRQ RI
UHVRXUFHV
$VHFRQGVWHSLVWKHFRPSLODWLRQRIPDQXDOVDQGEHVWSUDFWLFHVUHODWHGWR(29REVHUYDWLRQ
7KH2FHDQV%HVW3UDFWLFH2%33ODWIRUPXQGHUWKH,2'(LVDVLJQLILFDQWVWHSIRUZDUGLQWKLV
GLUHFWLRQ KWWSVZZZRFHDQEHVWSUDFWLFHVQHW 3HDUOPDQ HW DO   6XFKEHVW SUDFWLFHV
VKRXOG VSDQ IURP REVHUYDWLRQV WR GDWD DQDO\VLV WKHUHIRUH H[SDQGLQJ WR LQFOXGH ELJ GDWD
DQDO\VLVIURPH'1$YLGHRVDWHOOLWHDQGRWKHUWHFKQRORJLFDOO\LQQRYDWLYHWRROV
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)RUWKHWKLUGVWHSWKHREVHUYLQJFRPPXQLW\DQGWKHLUSDUWQHUV LQFDSDFLW\GHYHORSPHQWQHHG
WRFRQWLQXH WRZRUNZLWKPXOWLODWHUDO FRQYHQWLRQVDQGJOREDO RUJDQLVDWLRQV HJ&%'81
/0(V WR VXSSRUW WKH GHYHORSPHQW RI GDWDGULYHQ LQGLFDWRUV IRU RFHDQ UHODWHG WDUJHWV
6'*UHOHYDQW$LFKL7DUJHWVDQGJOREDODVVHVVPHQWVHJWKH:RUOG2FHDQ$VVHVVPHQW
:2$DQGWKH,QWHUJRYHUQPHQWDO3ODWIRUPIRU%LRGLYHUVLW\DQG(FRV\VWHP6HUYLFHV,3%(6
7KHUHLVDGDQJHUWKDWJOREDODVVHVVPHQWVUHSRUWDWVXFKDKLJKDJJUHJDWHGLQIRUPDWLRQOHYHO
WKDWWKHTXDOLW\RIWKHXQGHUO\LQJGDWDLVPLVVHGDQGDQ\QHHGVIRULPSURYHPHQWORVW&OHDUHU
OLQNV DUHQHHGHGEHWZHHQREVHUYDWLRQDQGJOREDO UHSRUWLQJEXW WKLV ILUVW UHTXLUHV LPSURYHG
FRRUGLQDWLRQDQGH[SDQGHGFRYHUDJHRIPRVWREVHUYLQJV\VWHPV
,Q WKLV UHJDUG D FRXUVH RQ PRQLWRULQJ RI SDUWLFXODU (29V LQFOXGLQJ KRZ PRQLWRULQJ
LQIRUPDWLRQ ZRXOG EH XVHIXO WR DGGUHVV WKH 6'*V DQG $LFKL 7DUJHWV RU DGGUHVV RWKHU
UHSRUWLQJ QHHGV FRXOG EH SURSRVHG XQGHU WKH ,2&27*$SODWIRUP*LYHQ WKDW ,2&27*$
FRXUVHV DUH RIIHUHG E\ GHPDQG IURP WKH UHJLRQV VXFK D FRXUVH ZRXOG ILW LQWR ORFDO DQG
UHJLRQDO SROLF\ UHTXLUHPHQWV HVSHFLDOO\ LI WKHVH DUH IRFXVHG DURXQG(29V WKDW DUH RI ORFDO
LQWHUHVWHJFRUDOUHHIVPDQJURYHVVHDJUDVHVVDQGDOVREXLOGRQH[LVWLQJORFDODQGUHJLRQDO
FDSDFLW\ LQLWLDWLYHV )RU H[DPSOH WKH&RUDO5HHI$OOLDQFH&25$/ZRUNV RQ UHVWRULQJ DQG
SURWHFWLQJFRUDOUHHIVLQSDUWQHUVKLSZLWKWKHFRPPXQLWLHVOLYLQJQHDUHVWWKHUHHIVWKURXJKD
YDULHW\ RI VWUDWHJLHV PRVWO\ EDVHG RQ HGXFDWLRQ 7KH FRUDO UHHI VFLHQWLILF FRPPXQLW\ DOVR
RIIHUV FRXUVH RSSRUWXQLWLHV RQ FRUDO UHHI PRQLWRULQJ HJ 5HHI &KHFN
KWWSZZZUHHIFKHFNLWDOLDLWEDQJNDEDQGRKWPOEXW WKHVHFRXOGEHJUHDWO\ LPSURYHG
LI WKH\ZHUH XQGHU D JOREDO SODWIRUP HJ ,2&27*$ FRRUGLQDWHGZLWK WKH QHHGV RI WKH
*OREDO &RUDO 5HHI 0RQLWRULQJ 1HWZRUN *&051 ZKLFK FRXOG SURYLGH WKH QHWZRUN IRU
ORQJWHUPVXVWDLQDELOLW\VHH7DEOHIRUDUHYLHZRIFDSDFLW\LQLWLDWLYHVUHODWHGWRHDFK(29
$ SDUWQHUVKLS ZLWK &(26 ZRXOG KHOS VWUHQJWKHQ WKH JOREDO QHWZRUN REVHUYLQJ FDSDFLW\
DOUHDG\HVWDEOLVKHGIRUVRPH(29VHJRFHDQFRORXUSULPDU\SURGXFWLYLW\EXWZRXOGDOVR
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WR GHYHORS FDSDFLW\ DURXQG QHZ (29V HJ PDQJURYH FRYHU FRUDO UHHI FRYHUFRQGLWLRQ
)ROORZLQJ FRQYHUVDWLRQV KHOG DW WKH5HVHDUFK&RRUGLQDWLRQ1HWZRUNPHHWLQJ LQ'HFHPEHU
LQ6DQ)UDQFLVFRGHYHORSHUVRIUHPRWHVHQVLQJWHFKQRORJ\H[SUHVVHGWKHLUZLOOWROHDUQ
 WKH QHHGV RI WKH ELRORJLFDO REVHUYLQJ FRPPXQLW\  ZKDW FRXOG EH LPSURYHG DQGRU
GHYHORSHG WRHQDEOHUHOHYDQWPHDVXUHPHQWV WRGHWHFWFKDQJHV LQPDULQH OLIHDQGKRZWR
PDNHWKHLPSOHPHQWDWLRQDQGXVHRIWKHVHWHFKQRORJLHVPRUHXQGHUVWDQGDEOHDFKLHYDEOHDQG
XVHUIULHQGO\ )XUWKHU WKH(XURSHDQ&RPPLVVLRQ&RSHUQLFXV SURJUDPPH VXSSRUWV FDSDFLW\
EXLOGLQJDWVHYHUDOOHYHOVDQGLVOLNHO\WREHDPDMRUVRXUFHRIRSHQDFFHVV(DUWK2EVHUYDWLRQ
SURGXFWVIRUWKHIRUHVHHDEOHIXWXUH
7KH(DUWK2EVHUYDWLRQDQGRFHDQPRGHOOLQJVHFWRUVDUHLQGLFDWLYHRIDPRYHWRZDUGVWKHXVH
RI ³ELJ GDWD´ LQ RFHDQ REVHUYDWLRQV $FURVV PDQ\ PDULQH VFLHQFH VHFWRUV GDWDVHWV DUH
EHFRPLQJODUJHUDVDUHVXOWRIWKHLQFUHDVHGVSDWLDODQGWHPSRUDOUHVROXWLRQRIIHUHGE\PDQ\
WHFKQLTXHVDQGWKURXJKWKHGULYHWRZDUGVFOLPDWHVFDOHDQDO\VLV:KLOHWKLVGDWDDYDLODELOLW\
SURYLGHV KXJH SRWHQWLDO IRU LPSDFW LW DOVR UHSUHVHQWV D QHZ JDS LQ WHUPV RI  RI FDSDFLW\
GHYHORSPHQW (TXLSSLQJ SDUWLFLSDQWVZLWK WKH UHOHYDQW WRROV IRU WKHLU DQDO\VLV LV FULWLFDO WR
IXOO\H[SORLWWKLVZHDOWKRIGDWD2SHQVRXUFHDQGFRPPXQLW\GHYHORSHGSODWIRUPVKDYHJUHDW
SRWHQWLDOWRDGGUHVVWKHEURDGUDQJHRIQHHGVIRUWKHJOREDOXVHUEDVH3URJUDPPLQJWRROVDUH
SDUWLFXODUO\ UHOHYDQW LQ WKLV FRQWH[W ZLWK ODQJXDJHV VXFK DV 3\WKRQ DQG 5 DV DFFHVVLEOH
RSWLRQVIRUWKHLQH[SHULHQFHGXVHUWKDQNVWRWKHODUJHFRPPXQLW\VXSSRUWDQGGHYHORSPHQWRI
OLEUDULHVDQGWXWRULDOV,PSURYHGLQWHUQHWDFFHVVZLOOEHUHTXLUHGIRUPDQ\/'&VDQG6,'6WR
WDNHDGYDQWDJHRIWKHVHQHZWRROVDQGLQIRUPDWLRQV\VWHPV
$OWKRXJKFDSDFLW\GHYHORSPHQWPRVWO\LQYROYHVH[SHUWVDQGHDUO\FDUHHUVFLHQWLVWV WKHUROH
RI HFRV\VWHP EHQHILFLDULHV VKRXOG QRW EH LJQRUHG 3DUWLFLSDWLRQ RI VWDNHKROGHUV LV YHU\
LPSRUWDQWEHFDXVHWKLVZLOOHQDEOHVFLHQWLVWVWREHPDGHDZDUHRIVRFLHWDOO\LPSRUWDQWLVVXHV
DQG WKH VWDNHKROGHUV WR KDYH DQ LPSURYHG NQRZOHGJH EDVH LQ WKHLU GHFLVLRQPDNLQJ

































































SURFHVVHV 5HVHDUFKHUV VKRXOG DOVR VKDUH WKHLU NQRZOHGJH DQG XQGHUVWDQGLQJ RI PDULQH
HQYLURQPHQWDOFRQGLWLRQVZLWKORFDOSHRSOHZKRLQWXUQPD\EHDEOHWRSURYLGHORQJHUWHUP
DQGPRUHORFDOSHUVSHFWLYHVXVHIXOLQLQWHUSUHWLQJWKHUHVHDUFKGDWD$SDUWLFLSDWRU\DSSURDFK
LV UHTXLUHG WR DFKLHYH KROLVWLF VXFFHVV LQ FDSDFLW\ EXLOGLQJ ZKLFK ZLOO HQDEOH XV WR WDNH
DGYDQWDJHRIWKHUHVRXUFHVLQYHVWLQJLQWKHSURMHFWV LQFOXGLQJKXPDQIDFLOLWLHVDQGILQDQFLDO
UHVRXUFHV
,W LV XQGHUVWRRG WKDW FDSDFLW\ EXLOGLQJ LQ PDULQH DQG FRDVWDO UHVHDUFK DUH IDFHG ZLWK
FKDOOHQJHVDQGWKHUHLVDQHHGWRLPSOHPHQWQHZFDSDFLW\EXLOGLQJDSSURDFKHVLQGHYHORSLQJ
FRXQWULHV $FFRUGLQJ WR WKH:RUOG %DQN  YDULRXV SDUWV RI WKH ZRUOG ZKHUH PDULQH
UHVRXUFHVUHVRXUFHVDUHJUHDWO\HQGDQJHUHGVXFKDVWKH3DFLILFLVODQGUHJLRQ:HVW$IULFDDQG
6RXWK:HVW,QGLDQPDULQHUHJLRQVQHHGFROOHFWLYHLQWHUYHQWLRQWRWDFNOHSUREOHPVDIIHFWLQJ
WKHLU PDULQH DFWLYLWLHV 7KLV VXSSRUW FDQ EH HQJDJHG WKURXJK FDSDFLW\ EXLOGLQJ IURP WKH
DVVRFLDWLRQV6RPHRIWKLVWUDLQLQJDQGSURJUDPPHVFDQEHFRQGXFWHGLQGHYHORSLQJUHJLRQV
DQGPRUHUHVHDUFKFROODERUDWLRQVFDQUHVXOWIURPWKHP
)LQDOUHPDUNV
:H KDYH SURYLGHG DQ RYHUYLHZ RI WKH QHHG IRU FDSDFLW\ GHYHORSPHQW WR DFKLHYH D JOREDO
RFHDQ REVHUYDWLRQ V\VWHP WKDW ZLOO KHOS PHHW WKH UHTXLUHPHQWV RI WKH 6XVWDLQDEOH
'HYHORSPHQW*RDOVDQGRWKHUFULWLFDOLQWHUQDWLRQDODJUHHPHQWVDQGSODWIRUPVWKDWDUHUHODWHG
WR FOLPDWH FKDQJH ELRGLYHUVLW\ DQG HFRV\VWHP VHUYLFHV :H KDYH DOVR GLVFXVVHG VRPH
FDSDFLW\ LQLWLDWLYHV WKHLU EHQHILWV DQG FKDOOHQJHV DORQJZLWK VRPH OHVVRQV OHDUQW DQG VRPH
UHFRPPHQGDWLRQVWKDWPD\KHOSRYHUFRPHWKHVHFKDOOHQJHVLQWKHVKRUWWHUP+RZHYHUZKLOH
LPSURYLQJNQRZOHGJHZLOOFHUWDLQO\KDYHDPDMRULPSDFW LQDGYDQFLQJWKHJOREDOREVHUYLQJ
V\VWHP HFRQRPLFV ZLOO GHWHUPLQH LWV VXFFHVV 0LORVODYLFK HW DO   $FTXLULQJ
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NQRZOHGJHZLWKRXW WKH UHVRXUFHV RU WHFKQRORJ\ WR XVH LW WR LPSURYH VXVWDLQDEOH XVH RI WKH
ORFDOPDULQHHQYLURQPHQWFDQQRWVXIILFH³&DSDFLW\GHYHORSPHQW´NHHSVDSSHDULQJLQHYHU\
SROLF\GRFXPHQWRI WKH81HJ81RI WKH ,2& 81(6&2DQGRI WKH/0(
SURJUDPPH HJ%DUELHUHDQG+HLOHPDQDVFULWLFDOWRHPSRZHUVRFLHWLHVLQGHYHORSLQJ
FRXQWULHV IRU PDQDJHUV WR WUDQVLWLRQ LQWR (FRV\VWHPEDVHGPDQDJHPHQW SUDFWLFHV IRU
VFLHQWLVWVWRXQGHUVWDQGEHWWHUWKHHIIHFWVRIKXPDQSUHVVXUHVDQGFOLPDWHFKDQJHDQGLQIRUP
SROLF\ IRUDFWLRQV WREH WDNHQDQG IRUFRPPXQLFDWRUV WR LQWHUIDFHEHWZHHQVFLHQFHVRFLHW\
DQGSROLWLFV0HPEHUVWDWHVRIWKH81KDYHUHFHQWO\SURFODLPHGD'HFDGHRI2FHDQ6FLHQFH
IRU6XVWDLQDEOH'HYHORSPHQW³WRJDWKHURFHDQVWDNHKROGHUVZRUOGZLGHEHKLQGD
FRPPRQ IUDPHZRUN WKDW ZLOO HQVXUH RFHDQ VFLHQFH FDQ IXOO\ VXSSRUW FRXQWULHV LQ WKH
DFKLHYHPHQWRIWKH6XVWDLQDEOH'HYHORSPHQW*RDORQWKHRFHDQ´6RPHRIWKHNH\JRDOV
RI WKH'HFDGH UHODWHG WR FDSDFLW\ GHYHORSPHQWZLOO EH WR IRUP D QHZ JHQHUDWLRQ RI RFHDQ
VFLHQWLVWVDQGWHFKQLFLDQVHVWDEOLVKQHZUHVHDUFKQHWZRUNVDQGDQHZJHQHUDWLRQRIHQKDQFHG
REVHUYDWLRQDOV\VWHPV6RPHH[SHFWHGRXWSXWVZLOOEH³LQFUHDVHGVFLHQWLILFNQRZOHGJHDERXW
WKH LPSDFWV RI FXPXODWLYH LQWHUDFWLQJ VWUHVVRUV VXFK DVZDUPLQJ DFLGLILFDWLRQ DQG KDELWDW
GHVWUXFWLRQ DQG DFKLHYLQJ LQWHJUDWHG REVHUYDWLRQV DQG GDWD VKDULQJ LQFOXGLQJ WKH XVH RI
VDWHOOLWHVIL[HGDQGPRYLQJREVHUYLQJSODWIRUPVDOOIHHGLQJLQWRFRPPRQGDWDPDQDJHPHQW
DQGWKH*OREDO2FHDQ2EVHUYLQJ6\VWHP*226´
:KLOHWKLVLVFHUWDLQO\JRRGQHZVQRWRQO\IRUDOORFHDQVWDNHKROGHUVEXWIRUWKHZKROHZRUOG
DWODUJHWKHWLPHKDVFRPHIRUPHPEHUVWDWHVWRDFWXDOO\VWDQGXSIRUWKHLUSROLWLFDOGHFLVLRQV
DQG PDNH VHULRXV ILQDQFLDO FRPPLWPHQWV $ JOREDO REVHUYLQJ V\VWHP DQG GHYHORSLQJ WKH
FDSDFLW\QHHGHGWRLPSOHPHQWLWLQDVXVWDLQHGZD\LQFOXGLQJWHFKQRORJ\GHYHORSPHQWLVD
GDXQWLQJ WDVN DQG FDQQRW EH VXSSRUWHG DORQHE\ MXVW D IHZ FRXQWULHV RU RUJDQLVDWLRQV7KH
'HFDGHRI2FHDQ6FLHQFHLVDJUHDWRSSRUWXQLW\WREXLOGDQGFRQVROLGDWHWKHEULGJHVEHWZHHQ
VFLHQFH SROLF\ DQG VRFLHW\ 7KH REVHUYLQJ FRPPXQLW\ KDV EHHQ XQGHUJRLQJ PDMRU
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UHRUJDQLVDWLRQV LQ UHFHQW \HDUV WR HQVXUH FRRUGLQDWLRQ PD[LPLVH UHVRXUFHV DQG IRFXV RQ
VRFLHWDOO\ UHOHYDQW FRQWULEXWLRQV7KH\ DUH UHDG\ IRU WKH FKDOOHQJH DQGSUHSDUHG WR GHOLYHU
:KDWLVQHHGHGQRZLVWKHSROLWLFDOZLOOWRVHFXUHWKDWUHVRXUFHVZLOOFRPHKDQGLQKDQGZLWK
WKHLUGHFLVLRQV
5HIHUHQFHV
$OWKDXV)+LOO1)HUUDUL5(GZDUGV/3U]HVODZVNL56FK|QEHUJ&+/6WXDUW6PLWK5
%DUUHWW1(GJDU*&ROTXKRXQ-HWDO$ 6WDQGDUGLVHG9RFDEXODU\IRU,GHQWLI\LQJ
%HQWKLF%LRWDDQG6XEVWUDWDIURP8QGHUZDWHU,PDJHU\7KH&$7$0,&ODVVLILFDWLRQ
6FKHPH+HZLWW-HGLWRU3/2621(H
%DUELqUH-+HLOHPDQ6,QWHUJRYHUQPHQWDO2FHDQRJUDSKLF&RPPLVVLRQ± 81(6&2¶V
VXSSRUWIRUPDQDJHPHQWRI/DUJH0DULQH(FRV\VWHPV(QYLURQPHQWDO'HYHORSPHQW±

%DXHU37KRUSH$%UXQHW*7KHTXLHWUHYROXWLRQRIQXPHULFDOZHDWKHUSUHGLFWLRQ
1DWXUH±
%HHUPDQQ-%RRV.*XWRZ/%RHUVPD03HUDOWD$&&RPELQHGHIIHFWVRISUHGDWRU
FXHVDQGFRPSHWLWLRQGHILQHKDELWDWFKRLFHDQGIRRGFRQVXPSWLRQRIDPSKLSRGPHVRJUD]HUV
2HFRORJLD±
%HOO-'*DQDFKDXG$*HKUNH3&*ULIILWKV63+REGD\$-+RHJK*XOGEHUJ2-RKQVRQ
-(/H%RUJQH5/HKRGH\3/RXJK-0HWDO0L[HGUHVSRQVHVRIWURSLFDO3DFLILF
ILVKHULHVDQGDTXDFXOWXUHWRFOLPDWHFKDQJH1DWXUH&OLPDWH&KDQJH±
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&DUOLVOH.07KH/DUJH0DULQH(FRV\VWHPDSSURDFK$SSOLFDWLRQRIDQLQWHJUDWHG
PRGXODUVWUDWHJ\LQSURMHFWVVXSSRUWHGE\WKH*OREDO(QYLURQPHQW)DFLOLW\(QYLURQPHQWDO
'HYHORSPHQW±
'XQQ'&0D[ZHOO60%RXVWDQ\$0+DOSLQ31'\QDPLFRFHDQPDQDJHPHQW
LQFUHDVHVWKHHIILFLHQF\DQGHIILFDF\RIILVKHULHVPDQDJHPHQW3URFHHGLQJVRIWKH1DWLRQDO
$FDGHP\RI6FLHQFHV±
(GJDU*-6WXDUW6PLWK5'6\VWHPDWLFJOREDODVVHVVPHQWRIUHHIILVKFRPPXQLWLHVE\
WKH5HHI/LIH6XUYH\SURJUDP6FLHQWLILF'DWD>,QWHUQHW@>FLWHG0DU@$YDLODEOH
IURP KWWSZZZQDWXUHFRPDUWLFOHVVGDWD
)XNXGD3DUU6/RSHV&0DOLN.HGLWRUV&DSDFLW\IRUGHYHORSPHQWQHZVROXWLRQVWR
ROGSUREOHPV6WHUOLQJ9D(DUWKVFDQ3XEOLFDWLRQV
*(2%21%L$QQXDO3URJUHVV5HSRUW>,QWHUQHW@/HLS]LJ*URXSRQ(DUWK
2EVHUYDWLRQV%LRGLYHUVLW\2EVHUYDWLRQ1HWZRUN6HFUHWDULDW$YDLODEOHIURP
KWWSZZZJHRERQRUJ'RZQORDGVELDQQXDOBSURJUHVVBUHSRUW%LDQQXDOBSURJUHVVBUHSRUWB
BKLJKSGI
*LOO'$0DVFLD0%$KPDGLD*1*OHZ//HVWHU6(%DUQHV0&UDLJLH,'DUOLQJ(6
)UHH&0*HOGPDQQ-HWDO&DSDFLW\VKRUWIDOOVKLQGHUWKHSHUIRUPDQFHRIPDULQH
SURWHFWHGDUHDVJOREDOO\1DWXUH±
*ROGHQ-69LUGLQ-1RZDFHN'+DOSLQ3%HQQHDU/3DWLO3*0DNLQJVXUHWKHEOXH
HFRQRP\LVJUHHQ1DWXUH(FRORJ\	(YROXWLRQ
+HPSHO*7KXOLQ-+HUPHV5(NDX:9RXVGHQ'2¶7RROH0/DUJHPDULQH
HFRV\VWHPVWUDLQLQJDQGFDSDFLW\GHYHORSPHQW(QYLURQPHQWDO'HYHORSPHQW±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+XJKHV73.HUU\-7ÈOYDUH]1RULHJD0ÈOYDUH]5RPHUR-*$QGHUVRQ.'%DLUG$+
%DEFRFN5&%HJHU0%HOOZRRG'5%HUNHOPDQV5*OREDOZDUPLQJDQGUHFXUUHQW
PDVVEOHDFKLQJRIFRUDOV1DWXUH±
,VHQVHH.3DH6+RUQ/,QDED.6FKDDSHU09DOGpV/5HVHDUFKFDSDFLW\DQG
LQIUDVWUXFWXUH,Q9DOGpV/HWDOHGLWRUV*OREDO2FHDQ6FLHQFH5HSRUW 7KHFXUUHQWVWDWXV
RIRFHDQVFLHQFHDURXQGWKHZRUOG3DULV81(6&2S±
-RKQVRQ&5%DQNV6&%DUUHWW16&D]DVVXV)'XQVWDQ3.(GJDU *-)UXVKHU6'*DUGQHU
&+DGGRQ0+HOLGRQLRWLV)HWDO&OLPDWHFKDQJHFDVFDGHV6KLIWVLQRFHDQRJUDSK\
VSHFLHV¶UDQJHVDQGVXEWLGDOPDULQHFRPPXQLW\G\QDPLFVLQHDVWHUQ7DVPDQLD-RXUQDORI
([SHULPHQWDO0DULQH%LRORJ\DQG(FRORJ\±
.UXPKDQVO.$2NDPRWR'.5DVVZHLOHU$1RYDN0%ROWRQ--&DYDQDXJK.&&RQQHOO
6'-RKQVRQ&5.RQDU%/LQJ6'HWDO*OREDOSDWWHUQVRINHOSIRUHVWFKDQJHRYHU
WKHSDVWKDOIFHQWXU\3URFHHGLQJVRIWKH1DWLRQDO$FDGHP\RI6FLHQFHV±
/DQJORLV7+DUYH\()LW]SDWULFN%0HHXZLJ-6KHGUDZL*:DWVRQ'&RVWHIILFLHQW
VDPSOLQJRIILVKDVVHPEODJHVFRPSDULVRQRIEDLWHGYLGHRVWDWLRQVDQGGLYHUYLGHRWUDQVHFWV
$TXDWLF%LRORJ\±
/DVW35:KLWH:7*OHGKLOO'&+REGD\$-%URZQ5(GJDU*-3HFO*/RQJWHUP
VKLIWVLQDEXQGDQFHDQGGLVWULEXWLRQRIDWHPSHUDWHILVKIDXQDDUHVSRQVHWRFOLPDWHFKDQJH
DQGILVKLQJSUDFWLFHV/RQJWHUPVKLIWVLQDWHPSHUDWHILVKIDXQD*OREDO(FRORJ\DQG
%LRJHRJUDSK\±
/LQJ6'-RKQVRQ&5)UXVKHU6'5LGJZD\.52YHUILVKLQJUHGXFHVUHVLOLHQFHRI
NHOSEHGVWRFOLPDWHGULYHQFDWDVWURSKLFSKDVHVKLIW3URFHHGLQJVRIWKH1DWLRQDO$FDGHP\RI
6FLHQFHV±
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/RUHQ]RQL/%HQZD\+0*OREDO,QWHUFRPSDUDELOLW\LQD&KDQJLQJ2FHDQ$Q
,QWHUQDWLRQDO7LPH6HULHV0HWKRGV:RUNVKRS>SODFHXQNQRZQ@%HUPXGD,QVWLWXWHRI2FHDQ
6FLHQFHV1RYHPEHU
0DORQH7&'L*LDFRPR30*RQoDOYHV(.QDS$+7DODXH0F0DQXV/GH0RUD6
$JOREDORFHDQREVHUYLQJV\VWHPIUDPHZRUNIRUVXVWDLQDEOHGHYHORSPHQW0DULQH3ROLF\
±
0LORVODYLFK3%D[1-6LPPRQV6(.OHLQ($SSHOWDQV:HWDO,Q3UHVV(VVHQWLDO2FHDQ
9DULDEOHVIRUJOREDOVXVWDLQHGREVHUYDWLRQVRIELRGLYHUVLW\DQGHFRV\VWHPFKDQJHV*OREDO
&KDQJH%LRORJ\
0RUULVRQ5-=KDQJ-8UEDQ(5+DOO-,WWHNNRW9$YULO%+X/+RQJ*+.LGZDL6
/DQJH&%HWDO'HYHORSLQJKXPDQFDSLWDOIRUVXFFHVVIXOLPSOHPHQWDWLRQRI
LQWHUQDWLRQDOPDULQHVFLHQWLILFUHVHDUFKSURMHFWV0DULQH3ROOXWLRQ%XOOHWLQ±
2(&'7KH2FHDQ(FRQRP\LQ>,QWHUQHW@3DULV2(&'3XEOLVKLQJ>FLWHG
0DU@$YDLODEOHIURP KWWSZZZRHFGLOLEUDU\RUJHFRQRPLFVWKHRFHDQHFRQRP\LQ
BHQ
3HDUOPDQ-6%XWWLJLHJ3/6LPSVRQ30DV&0+HVORS(+HUPHV-$FFHVVLQJ
H[LVWLQJDQGHPHUJLQJEHVWSUDFWLFHVIRURFHDQREVHUYDWLRQDQHZDSSURDFKIRUHQGWRHQG
PDQDJHPHQWRIEHVWSUDFWLFHV,Q2&($16±$QFKRUDJH>SODFHXQNQRZQ@,(((S±

3LHWUL'06WHYHQVRQ7&&KULVWLH37KH&RUDO7ULDQJOH,QLWLDWLYHDQGUHJLRQDO
H[FKDQJHV6WUHQJWKHQLQJFDSDFLW\WKURXJKDUHJLRQDOOHDUQLQJQHWZRUN*OREDO
(QYLURQPHQWDO&KDQJH±
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3RORF]DQVND(6%URZQ&-6\GHPDQ:-.LHVVOLQJ:6FKRHPDQ'60RRUH3-%UDQGHU
.%UXQR-)%XFNOH\/%%XUURZV07HWDO*OREDOLPSULQWRIFOLPDWHFKDQJHRQ
PDULQH OLIH1DWXUH&OLPDWH&KDQJH±
5LFKDUGVRQ$-:DOQH$:-RKQ$:*-RQDV7'/LQGOH\-$6LPV':6WHYHQV':LWW
08VLQJFRQWLQXRXVSODQNWRQUHFRUGHUGDWD3URJUHVVLQ2FHDQRJUDSK\±
5XZD5$MDZLQ$*UHHQ6.DPDUD2.5LFH-,QQLVV/6LPFRFN$&DSDFLW\
EXLOGLQJQHHGVLQUHODWLRQWRWKHVWDWXVRIVSHFLHVDQGKDELWDWV&KDSWHU>,QWHUQHW@>SODFH
XQNQRZQ@8QLWHG1DWLRQV'LYLVLRQIRU2FHDQ$IIDLUVDQGWKH/DZRIWKH6HD$YDLODEOH
IURP KWWSZZZXQRUJGHSWVORVJOREDOBUHSRUWLQJ:2$B5352&&KDSWHUBSGI
6KDFNHURII7KHLVHQ-0$WNLQVRQ65$ZDG$ %HDXGRLQ<&DQDOV3'XUXVVHO&(GZDUGV
3(7*RPERV0+RUQLGJH$./DPHLHU0HWDO&DSDFLW\'HYHORSPHQWIRU2FHDQV
&RDVWVDQGWKH$JHQGD>SODFHXQNQRZQ@,QVWLWXWHIRU$GYDQFHG6XVWDLQDELOLW\6WXGLHV
,$66
81(6&2,2&,2&&ULWHULDDQG*XLGHOLQHVRQWKH7UDQVIHURI0DULQH7HFKQRORJ\
&*707>,QWHUQHW@3DULV,2&$GYLVRU\%RDUGRI([SHUWVRIWKH/DZRIWKH6HD
,2&$%(/26$YDLODEOHIURP
KWWSXQHVGRFXQHVFRRUJLPDJHVPSGI
81(6&2,2&&DSDFLW\'HYHORSPHQW6WUDWHJ\>,QWHUQHW@3DULV
$YDLODEOHIURP KWWSXQHVGRFXQHVFRRUJLPDJHVPSGI
81(6&2*OREDORFHDQVFLHQFHUHSRUWWKHFXUUHQWVWDWXVRIRFHDQVFLHQFHDURXQGWKH
ZRUOG9DOGpV/HWDOHGLWRUV3DULV
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8QLWHG1DWLRQV)LUVW*OREDO,QWHJUDWHG0DULQH$VVHVVPHQW)LUVW:RUOG2FHDQ
$VVHVVPHQW6XPPDU\>,QWHUQHW@1HZ<RUN8QLWHG1DWLRQV'LYLVLRQIRU2FHDQ$IIDLUVDQG
WKH/DZRIWKH6HD$YDLODEOHIURP
KWWSZZZXQRUJGHSWVORVJOREDOBUHSRUWLQJ:2$B5352&6XPPDU\SGI
8QLWHG1DWLRQV5HSRUWRIWKH8QLWHG1DWLRQV&RQIHUHQFHWR6XSSRUWWKH
,PSOHPHQWDWLRQRI6XVWDLQDEOH'HYHORSPHQW*RDO&RQVHUYHDQGVXVWDLQDEO\XVHWKH
RFHDQVVHDVDQGPDULQHUHVRXUFHVIRUVXVWDLQDEOHGHYHORSPHQW>,QWHUQHW@1HZ<RUN8QLWHG
1DWLRQV+HDGTXDUWHUV$YDLODEOHIURP
KWWSZZZXQRUJJDVHDUFKYLHZBGRFDVS"V\PERO $&21)	/DQJ (
8UEDQ(%RVFROR58VLQJ6FLHQWLILF0HHWLQJVWR(QKDQFHWKH'HYHORSPHQWRI(DUO\
&DUHHU6FLHQWLVWV2FHDQRJUDSK\>,QWHUQHW@>FLWHG0DU@$YDLODEOHIURP
KWWSVWRVRUJRFHDQRJUDSK\DUWLFOHXVLQJVFLHQWLILFPHHWLQJVWRHQKDQFHWKHGHYHORSPHQW
RIHDUO\FDUHHUVFLHQWLV
9RXVGHQ'+6FRWW//DUJH0DULQH(FRV\VWHPVDQG6XVWDLQDEOH'HYHORSPHQW$
UHYLHZRIVWUDWHJLFPDQDJHPHQWSURFHVVHVDQGJRDOV>,QWHUQHW@1HZ<RUN8QLWHG1DWLRQV
'HYHORSPHQW3URJUDP$YDLODEOHIURP
KWWSVZZZJRRJOHFRPDXXUO"VD W	UFW M	T 	HVUF V	VRXUFH ZHE	FG 	YHG DK8.(
ZLB7'
Y=$K;/JEZ.+H3&$<N4)JJY0$(	XUO KWWS$))ZZZXQGSRUJ)FRQWHQW
)GDP)XQGS)OLEUDU\)6XVWDLQDEOH'HYHORSPHQW)81'35HSRUW
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